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Outline	and	Questions
• History	of	Legionella	infection	at	UIHC
• What	are	the	novel	aspects	of	Legionella	
pneumophila infection	of	macrophages?
– Coiling	phagocytosis
– Generation	of	an	ER-derived	compartment	
– Harnessing	the	proteasome	for	nutrient	
acquisition	and	growth	

• Antibiotics	– macrolides	vs.	fluoroquinolones?



Legionella	pneumophila	– causative	agent	of	Legionnaire’s	disease

1976	– Philadelphia	hosted	the	convention	of	 the	Pennsylvania	American	Legion
-within	6	days	182	attendees	were	sick	à 29	deaths
-pneumonia	caused	by	unknown	 unrecognized	bacterium
- air	conditioning	 and	water	handling	 system	implicated

Legionella	pneumophila
-1-40%	of	nosocomial	pneumonias
-spread	by	inhalation	of	
contaminated	water

-natural	host	of	Legionella
pneumophila	 in	the	environment
is	fresh	water	amoebae



2015	– outbreaks
In	New	York	City

UIHC



Unusual	“coiling	phagocytosis”

Phagocytosis =	receptor	and	actin-mediated	mechanism	
macrophages	use	to	engulf	 bacteria,	fungi,	and	parasites.

Typical	forming	 phagosome	morphologies:
’pseudopod	 extension’	or	‘sinking’:



Coils	rapidly	resolve	– mechanism	unknown

Gold	à Beta2	microglobulin

CR3	enriched	vs.	exclusion	of	HLA-DR,	B2M	
and	other	antigen	presentation	molecules	
from	the	inner	coil
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Sequential	modification	of
phagosome	 composition	by	
fusion	with	early	endosomes,
late	endosomes	and
lysosomes.



Blocks	interaction
with	endo.	pathway

Intercepts	vesicles
from	early	sec.	pathway

Replicates	in	an	RER-
derived	vacuole

Local	
proteasome
activation	
for	nutrients

Dot/ICM	effectors	allow	avoidance	of	lysosomes	and	promote	association	with	ER-derived
vesicles	by	manipulation	of	GTPases	including	 Rab1	and	Arf

Degradation
In	lysosomes



Smooth	vesicles	surround	 Legionella compartments	within	15	min	of	infection

Additional	studies	revealed	that	the	vesicles	
were	derived	from	the	smooth	ER	 Vesicles

contain
ER	proteins
by	immuno-EM



After	1-2	hours,	 Legionella	compartments	are	also	surrounded	 by	mitochondria

The	significance	of	proximity	to	smooth	vesicles	and	mitochondria	 unclear	



By	8	hours,	Legionella compartments	become	studded	with	ribosomes,	
Vacuole	membrane	resembles	the	Rough	ER	(RER).

The	RER-derived	vacuole
supports	Legionella	replication

Model



What	have	we	learned	about	the	underlying	mechanism	since	1983?



Legionella	– Type	IVB	Secretion	System		– More	than	300	injected	effector	proteins!!		

Some	effectors	alter	membrane	
trafficking

Others	facilitate	bacterial
nutrient	acquisition

Required	for	Legionella	
growth	and	survival	

Effectors redundancy complicates	
studies	of	effector	function.

Effectors	are	also	called	‘Dot/Icm’	substrates



DotA allows	Legionella	to	avoid	trafficking	to	lysosomes

W
T

do
tA

Bacteria																							Lamp-1

Molec.	Micro.	(1998)	28:663-674

dotA mutants	colocalize	with	LE/lysosome	markers

growth

killing



Small	GTPases	of	the	Rab	and	
Arf families	regulate	membrane	
trafficking.

RalF and	SidM/DrrA are	effectors	
that	activate	Arf and	Rab1

Normal	role	in	ER	àGolgi	 traffic,	
But	co-opted	by	Legionella

Allow	modification	of	 the	Legionella
compartment

Other	Effectors	intercept	vesicles	from	ER	or	ERGIC	to	modify	 the	Legionella vacuole



Blocks	interaction
with	endo.	pathway

Intercepts	vesicles
from	early	sec.	pathway

Replicates	in	an	RER-
derived	vacuole

Local	
proteasome
activation	
for	nutrients

DotA

Dot/ICM	effectors	allow	avoidance	of	lysosomes	and	promote	association	with	ER-derived
vesicles	by	manipulation	of	GTPases	including	 Rab1	and	Arf



Legionella	also	harnesses	the	proteasome	to	
obtain	nutrients	for	growth	–
- nutritional	remodeling of	host	cells		-
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Poly-Ubiquitinated proteins	accumulate	on	the	LCV	– requires	AnkB and	DotA

Ub

minutes	after	infection

Ub is	rapid	and	sustained	



Proteasome	inhibitors	impair	growth
-rescue	with	exogenous	amino	acids

AA	accumulate	with	Legionella	growth

Exogenous	AA	rescue	growth	of	AnkBmutant
Proteasome
inhibitor

Science v.	334,	Dec	2011



Summary

• Like	T3SS,	type	IV	secretion	systems	(T4SS)	allow	pathogenic	
bacteria	to	introduce	effector	proteins	into	to	host	cells	that	alter	
cell	function	and	are	required	for	bacterial	growth	and	survival.

• Legionella is	engulfed	via	an	unusual	coiling	mechanism,	and	the	
new	LCV	avoids	interactions	with	the	endo/lyso pathway	in	a	T4SS-
dependent	manner	that	requires	the	effector	DotA.

• Additional	effectors	allow	the	LCV	to	intercept	vesicles	from	the	
early	secretory	pathway	via	effects	on	Rab1,	Sec22	and	ARF,	and	
bacteria	replicate	in	an	RER-like	vacuole.

• Still	other	effectors	allow	Legionella to	harness	the	proteasome	to	
acquire	amino	acids	that	support	bacterial	growth.	

• Now	back	to	Dan….


