D e N e Al gy b iy i . ity

Case 3: Cruise Holidag

Bacterial Patlﬁogenesis
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Where does the organism norma”g

reside?

* Freshwater environments (le. Rivers and

lakes)
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* Amoeba & ciliated protozoa
(Hartmanella, Acanthamoeba and
Naeg!aria species): Provide Protection
against environment & allow growth

duri ng infection

. Geographical residence: Incidence of I
disease in USA, Canada, New Zealand, ,
Australia, Japan, Singapore, and E‘urope

I
-z

* Hospitals: Nosocomial infections - more

common in ClCVCIOPCCl countries
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Bacterial characteristics that suit

Legionc“a for its Places of residence

s Warm, moist soils

. OPtimal growing temPerature: 35 clegrees celsius (like in
hot tubs and Pools}

* Genera”y can grow between 20-50 clegrees celsius

* Aéf’OSOlS ancl CJT’OPI@tS

+ Contaminated clrinking water entering resPiratorg tract

through inhalation/swa“owing
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Hot Tubs & RW! (Recreational

Water lllnesses)

High teml:)eratures cause evaPoration

Disinfected levels clelalete when
eval:)oration combines with large

numbers O]C PCOP c

Bacteria grow making RWls

Primary causes of bacterial outbreaks
» Uncontrolled water levels
» Insufficient levels of disinfectants

s lackof cleaning Ieacling to the

formation of biofilms
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Aerosols and Droplets

* SPreacl from some common

artificial water sgstems

+ [aucets, building alr-
Conditioning units, hot tubs not
drained atter use, water
Fountains, water tanks and

heaters, etc.

* Prevention: avoicling stagnation

(stoPs biofilms Forming
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How Legionel

la deals with different

environmental settings

. Enteringa temloorarg noncultivable state until favourable conditions

come

+ Cell division decreased

. metabolic activity is maintained

* Form biofilms for Protection outside hosts and create nutrient

graclients

° Type [l secretion sgstem: e

* Genes {:OF survival ancl T'CP

fectors Proclucecl obtain nutrients/survive

ication: IPgOﬁO and IPgOlZZ - encodes

Parts for ATP binding cassette (ABC) transl:)ort complex (?unction of

complex unknown)




s SN S

Geny

e %
e

A Lt aa b




PN TR VTN N | S g 3 pA
g ’

iy P a P D i ar

N

:
e 48
LB e d i i D i iy

Areas that Legione”a can enter the

boclﬁ through

Respiratorg tract through SuPerﬁcial wounds (verg

inhalation (common route) rare)
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Respiratorg Sgstem: the more

common entrance route

* Legione”a usua”g clearec out

339 mucociliarg action in upper
rcspi ratory tract, but Patients
with weak immune systems
have impaired function in this

area (je. asthma Patients like
Tom)

* Travels ClOWﬂ to IOWCF

rcsPi rator9 tract for infection.

Swallowing

"

Pollutants (microorganisms,
inorganic and organic
particulate matter
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© Legione”a are known to multiplg

intrace”ularlgj but how?

o This is not well explainecl, but certain bacterial
factors have been identified to Plag a role in

its attachment and entty into the host cell.
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EnhC

* Périplasmic Prote:in

B

— e — . .t

EnhC == SItL
+ Role in efficient rePIication ‘ \
inside the macrophage Anhydro |
| muropeptide |

+ Maintain cell wall integritg

Y
Nod1 response
s Reduces NODI1 on host ce”) | / |

clecreasing innate iImmune o |
o : . Restriction of AenhC |
recognition of bacteria P e s o S eeie. -




HspéO

@ Mitochondrion <2 t
. lmportant for entry : e Ribosome @ |
VNS Hsp60 © |

(

+ One of the most abundant
Proteins sgnthesizecl bg
the bacteria.

* Mediates Phagocgtosis bg

moclulating the function of

macrol:)l’wages
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o Attachment to host cells

* Mediates the ﬁxing of e
the bacterial surface bg the
alternative Pathwag of the

Complement sgstem

* More convenient
entrg using CRIl &
GRS for Phagocgtosis
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Type IV Pil;

+ Role in both attachment and
entrg.

+ Adherence of bacteria to host

tissue to facilitate invasion

* Also Plags a role in biofilm

formation

* Promotes adherence

and survival in

unfavourable conditions
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* Encoclinggene: anE,

* Also has arole in tramcﬁcking

LPnE

* Plags a contributing role in
mecliating bacterial

attachment

requirecl for full entry into
macro[:)hage and for efficient

infection.

the l_egione“a vacuole
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Other Factors

o RtxA: role in bacterial attachment, but

mechanism still not well understood.

o LcJand LadC: contribute to adherence and

invasion o host cells
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L. pneumophila (Pathogenesis)

S0 L. pneumophila

R Legionella 2 e

\ pneumophila | i Lysosome
‘ g Mitochondria
. Smooth vesicle
- Ribosome
DOUICm' < -/é’j/ Virulent strain @ @ DOUle:n‘*'
bacteria / 3 bacteria_
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Summarg OF Attachment @’ Entrg

Bind to alveolar macrophages of host through complement

receptors, and enter bg being cnguhcecl into l:)hagosomal vacuoles. ‘
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#5 - Multiplication &
SPread
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Engulmcment

. Macrophage Provicles
Permissive environment for the

bacteria.

* Bacteria Phagocgtoses) enters

vacuole and alters comPosition

* je.modification of organe”e

tramcﬁcking to allow nutrient
suppb

. Organism inhibits the oxidative
l:)urst, reduces Phagosome

acidification
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Coiling phagocytosis

| Phagosomédoes fiotacidify |
¢ does not fuse with lysosoms=

a o
— ~

<4 \ ( N i ':
\) ™~ « ) - ») f> » ) ‘.

¢ s g ;

/ !
Phagdsome surrounded by
ERstudded with ribosomes;

»
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phagosome fupture
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»

Multiply in phagosome |

L.Pneunmm*ﬂataken
up ]:)3 macrophages itz
“coil; ng Phagocgtosis”
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Engulmcment

Rearrangement ch actin ﬁlaments to Jr‘orrn
the coiling asgmmetric:al Pseuclopocﬂ

encircling the extracellular Patnogen

Effectors translocated into cgtosol,
Powerecl bg ATP hgcﬂrolgsis and PMF

Dot/icm effector ViPA: Polgmerize

microfilaments for bacteria enguhcment

Bacteria taken up and a nascent
P]nagosome (not yet innerentlg

bactericidal) is formed

Cronin: assist with Pnagosome formation
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Coiling phagocytosis :

Phagosomédoes fiotacidify |
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phagosome rfupture
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Multiply in phagosome |
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nagosome: site of

rep ication for bacteria
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; Nocessarg Socretorg Sgstoms for
' Multiplica‘cion Process

!

I Tgpe IV secretion sgstom: necessary 1Cor tho intrace”ular growth

s 24 essential genes for the host infection - i.e.PiIE (Pilin
Protein), PilD (Prepilin Peptiolase), which are both important
for bacterial rowth, mak (macro hage killing) mil

g pals

(macrophago~speciﬁc imcoctivity loci) or Pmi (Protozoan

| macrophage irncoctivitg)

Y. Legione”a VIr homologs (Lvh): iml:)ortant, but not sufficient on
its own (THPC IV is needed alongsicle L vh)
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Avoicling endocgtic Pathwag: What

USUB”ﬂ happens

Plnagosome fuse with earlg endosomes
(acc]uire small GTPases Rabﬁ)

Matures and increases aciciitg
(lowering PH) ; obtaining LAMPS
(lﬂsosom&associatecl membrane
Proteins) after interacting late

CﬂClOSOIT]C

Fuses with lgsosome to form
Pl’xagolgsosome) bactericidal ki”ing

and digestion occur

Process clisruptecl when Legione”a

CﬂgUl‘FCCl
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LOL{# LOL receptors plasmas membrane '
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\i‘/ * Y Y CYTOSOL Y Y i
3
ENDOCYTOSIS = ! :
\ RETURN OF LDA ‘ .
lathrin- - i RECEPTORS TO |
pated ) UNCOATING PLASMA ‘
esicle )" encosome S MEMBRANE ’
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*" . * BUDDING OFF )
—— (s OF TRANSPORT VESICLES |
FUSION WITH ' ‘,
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l TRANSFER
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Avoicling endocgtic Pathwag: What

happens with Legione”a

* Neutral PH is maintained in the

Phagosome for the first 6hrs after

| 1 =
Phagocytosis of bacteria | !
| o :
. Regulating v-ATPase in the | [eow T
7 e | /Endosome O - l*
macrophage may be s:gnnqcant ASTEEE | @~
avoicling earlg stage acidification Lysosomes 0o ! L
; LCv \\’,[
* Later stages (18hr): LCV acidified and | i
'
take on lgsosomal characteristics. | A
| |
| 6 v
+ Note: Bacteria rePlicatingin | e

macro ha es are resistant to low pH
R 2 2

environments

Ribosomes +**

3 ER
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Avoicling enclocgtic Pathwag: Quter

membrane vesicles (OMV)

+ Shed from the outer membrane of

gram negative bacteria

* RePortecl to block Phagosome-

|9sosomc fusion

* Can ClChVCT’ Packages O‘F

molecules (inclucles viral Proteins)

* | PS from OMV may also
contribute to arrest ng

Phagosome clevelol:)ment
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* Legione”a manipulates remodels the
Plﬁagosome into a replication Permissive

BECY, avoiding fusion with lgsosome

* LCV used for replication, analogous to

rough ER used for rePIication

* Earlg infection stages: L CV surround bg

smooth vesicles and mitochondria

* Hgacks secretorg vesicles exiting the ER
and ac]oPting luminal contents of vesicles

that tgpica”g cgcle between ER and Golgi

* Secretorg vesicles leaving ER fuse with

R

Formation of the LCV for
Replication
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Formation of the LCV for
Replication

* Dot/icm tﬂPC IVB secretion sgstem transports

egector Proteins e host cgtoplasm across

membranes - ;
| putatnve core complex
. lmPortant for Forming the LCV but not | A | l”“”” fﬁ“ o5 W

necessary when replication compartment IS

established (wi” be uschuL howe\/er) for

inhibi’cing host cell aPoPtosis and egress

from the macrophage)
s Effectors Participate in manipulating vesicle
and membrane tragicking at this stage , @ ’ LvoA
: Secretion ATPase lcmS lemQ
. HCIP with mitochondria recruitment to LCV :f:g —
(less known about this process) L Eﬁ‘l‘?’. rotos

* Targets host sgstems involved in vesicle and
membrane transport to moclixcg the Vacuole into
LCV
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Formation of the

L CV for

Replication: Recruiting Pls

+ Bacteria exPloit Phosphoinositicle liPicls (PD involved

in membrane transport when LCV is Forming

* Sid Familg etHectors enhance leve

membrane) liK@lg enhancing attac

of PI(4)P on

R

hment of ER-derived

vesicles to the former Plasma»-membrane of LCV

+ Plalso Provides imPortant attachment site for

etfectors on cgtoplasmic face of LCV
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* | CV takes on characteristics of

ribosome studded rough ER, ER-
derived vesicles and mitochondria
surrouncling LCV will decrease and get
replaced bg ribosomes on LCV

membrane

Initial remocleling of the LCV has
rendered it su{‘ﬁcientlg ER-like to
allow for sPontaneous ribosome

attraction

Replication of L.Pneumophila begins
approx. 4-10 hours after
Phagocgtosis and after establishment
of the RER-like former Phagosome

Formation of LCV for Replication

A . . T

~— T T T e e W g g 15 TN ey




i 5 Sy

gy b Lt s e ity S g e

“ v
-

e i = o

Formation of LCV for Replication:
The nutrient environment

2 pneumoplﬂla recruit ubiquitinatecl
proteins to LCV mediated lag AnkB

* Degraclation of the ul)iquitinatecl proteins
may provicle a source of amino acids for

the replicating bacteria

* Sgntl'nesize amino acid transporters
“pnagosomal transporters”, necessary

forintracellular replication.

* Jron acquisition also important for

intracellular replication

. Autopl‘nagosomes may recruit to the LCV
as a source of nutrients for replicating

bacteria
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Formation of LCV for Replication: Does it rea”g

escape the lgsosome suPPressing Pathwag?

+ Vacuoles that bacteria rePlicate N seem to acloPt - Phagolgsosome

character

« L ate bacteria are more acid-resistant than it Previouslg was, and the

acquisition of lysosomal Proteins appears necessary for survival and

late replication

* Recruitment of the usual l:)roteins in the en&ocgtic Pathwag still takes

Place, except later than usua”g

» Possible idea: vacuole will fuse with a lgsosomal vacuole, where
availabilitg N nutriment 1s high, and rel:)lication occurs there until amino

acid SUPPIH has ]Z)CCH ]CUHQ Consumed
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Formation of LCV for Relalication:

Time for spreacling

* Amino acid starvation induces
accumulation of PPGPP triggering the
start of the transmission process:
cytotoxicity, osmotic resistance,
motilitgj and final evasion from the

lgsosoma! Pathwag

* Regulators of gene exl:)ression
influence transformation from
replicative into motile infectious Phase

bacteria

* Cgtotoxins Production is induced and

lead to host cell lgsis

Amino acid starvation

Rl‘l A\ —_—

ilucose/fatty acid starvation
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SpoT and RelV s—ty

lndnlc

GTP/GDP

\rr t,'[

. ]
Exponential growth

ATP I’Pj
(p)ppGpp

Motlity l)l\s
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Secondarg Intection

* Ang other manifestations that occur
outside of the lungs are considered

secondarg infections.

e, Splenomegalg (enlargement of
spleen) and spleen ruPture,

Pericarditis, Wouncls,joint infection,
and CNS.

* |nfect extrapulmonarg sites via
hematogenous spreacl (distribute bg

blooclstream) after Pulmonarg focus

* May travel to other sites using the
macrophages that theg are rePlicating in,

getting del:)ositec] to other Potential

infection sites after macrophage lgses
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#4 - Bacterial Damage
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Direct damage: host cell death from
exhaustion of resources

* Host cell killing IS non~apol:>totic and can

occur at low closes OF bacteria

l LCV i

\ d / \ . 3 ’,’
SN ) (
k——_~" mitochondria Ay

* Uncontrolled cell lgsis can increase

response

death not 96‘: identified

|
! f:f\J ¥ !.' \" )
cﬂamage and sPreacl to neighbouring cells i | Cytochrome ¢ [s1ae>
; @I @}\: : :: ..... | release E A SN 1/
. " T | «— Bcl2-R
» Bacterial factors may also cause tissue | : Tk gy WS i
| ' ? S Y Caspase-3
damage j L eaz] N ]
: : ; , | e l * Coipaset —» [lCELL DEATH
* Microbial c:omPonents associated with cell { (NFkB ) e -
: — inflammatory
|
l
|

fnruat.( v

anti-apoptotic
Nucleaus genes

* Possible one: ﬂage”in) he!Ping to |
Promote caspasel~dependent cell 1
death. ‘

* Primarg site of host cell damage:

destruction of Pulmonaxy tissues and cells
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Indirect Damage: Host Defence Resl:)onses

Toxic oxygen clependcnt ki”ing directed bg

neutrophils _ leads to accumulation of

Proteimrich fluid ﬂoocling alveolar space

et g ————
:
-

l nﬂammatorg response involving recruitment

OF ﬂCUtT‘OPhilS ancl macrophages

* Cell factors (e JL-1 released from ,

monocgtes: Fever

» Influx of innate immune cells: increase in

!
|
bodg temperature & other sgml:)toms ;
i
i
}

Leakg cal:)i”arics allow for influx of serum,

Increases cleposition of fibrin in alveol; ;" A | L

Result: destruction of air spaces,

compromlse resl:)lratorg FUﬂCthﬂS
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+ Untreated Legionnaires’ disease can lead to

more serious comPlications

s ic Respiratorg failure, sePtic shock, multi-

organ chsFunction




