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INTRODuCTION

In	Alice’s	adventures	in	wonderland,	Alice	asks	the	Cheshire	Cat:	“Would	you	tell	me,	please,	which	way	I	ought	to	go	from	here?”	
“That	depends	a	good	deal	on	where	you	want	to	get	to,”	said	the	Cat.	“I	don’t	much	care	where	…	as	long	as	I	get	somewhere”,	
added	Alice	as	an	explanation.	 “Oh,	you’re	 sure	 to	do	 that,”	 said	 the	Cat,	 “if	 you	walk	 long	enough.”	We	have	had	a	 landmark	
year.	We	busied	ourselves	with	moving		and	populating	our	new	institute,	the	new	Life	Sciences	Center	Vienna	of	the	Austrian	
Academy	of	Sciences.

Let	me	thank	everybody	who	has	helped	ensure	that	the	new	institute	exists:	All	members	of	the	Austrian	Academy	of	Sciences	
who,	even	in	rough	waves,	believed	in	IMBA;	Andreas	Barner	and	his	colleagues	at	Boehringer	Ingelheim,	without	whose	support	
this	could	not	have	been	done;	all	our	colleagues	at	the	Campus	Vienna	Biocenter	who	took	us	in,	giving	up	their	own	lab	space	
and	helped	us	along	the	way;	the	architectural	team	lead	by	Boris	podrecca	and	all	the	workers	and	companies	who	designed	
and	built	our	new	institute;	 the	City	of	Vienna	and	the	Austrian	government	 for	 funding	this	new	endeavor;	and	the	Austrian	
Chancellor	Wolfgang	Schuessel	who	has	always	supported	us	and	who	graced	us	with	his	visit	at	the	official	opening	of	the	new	
Life	Sciences	Center	Vienna.	We	had	a	great	opening	party.	Most	importantly,	I	have	to	thank	and	acknowledge	all	members	of	
IMBA	and	our	close	partners,	the	IMp	and	Gregor	Mendel	Institute,	who	put	untold	hours	of	work	and	their	life’s	energy	into	the	
creation	of	something	new.

What	delights	me	most	of	all	 is	that	we	not	only	have	a	new	building	but	people	truly	use	the	new	facilities.	We	have	already	
hosted	multiple	international	meetings	with	great	success	which	also	gave	us	an	opportunity	to	present	IMBA	to	the	research	
community.	 Together	 with	 Dialog	 Gentechnik	 and	 in	 collaboration	 with	 the	 DNA	 learning	 center	 at	 Cold	 Spring	 harbor,	 we		
initiated	the	Vienna	Open	Lab	for	kids	-	and	everybody	else	-	interested	in	molecular	biology.	The	Vienna	Open	Lab	is	located	in	
our	new	building,	is	professionally	run,	and	has	taken	flight	within	a	few	months.	Many	shared	services	such	as	proteomics,	electron	
microscopy,	histology,	the	media	kitchen,	sequencing,	the	Drosophila	laboratories,	and	in	the	near	future	the	animal	house	have	
also	taken	root	in	our	new	building.	The	whole	campus	is	bound	to	benefit	from	it.	Our	students	and	postdocs	moved	into	great	
new	 laboratory	space	where	working	 is	 indeed	 fun	–	 the	 table	soccer	and	ping	pong	tables	might	of	course	also	contribute.		
In	addition,	I	am	pleased	to	announce	that	two	young	faculty	members	have	joined	IMBA	in	2006:	Leonie	Ringrose	who	works	on	
polycomb	gene	regulation,	and	Kazufumi	Mochizuki	who	investigates	genome	stability	and	RNAi	pathways	in	Tetrahymena.

What	pleases	me	in	particular	is	that	the	science	of	our	faculty	members	has	started	to	shine	in	spectacular	ways.	It	is	one	thing	
to	build	a	nice	home,	but	it	is	an	entirely	dif ferent	accomplishment	to	bring	alive	the	concrete	and	bricks	of	a	building.	Excellence	
in	research	is	based	on	great	and	unique	minds.	The	excellence	of	an	institution	is	to	provide	these	scientists	with	an	academic	
and	financial	environment	where	they	can	succeed.	This	is	the	vision	and	goal	of	IMBA.	

In	his	keynote	address	at	our	official	opening	ceremony,	the	former	president	of	the	Austrian	Academy	of	Sciences,	Werner	Welzig,	
who	initiated	IMBA,	talked	about	the	fairytale	hänsel	and	Gretel	as	a	metaphor	for	our	first	years.	In	his	spirit,	I	also	want	to	ask	
the	fairies	to	grant	IMBA,	its	partner	institutes,	and	all	their	current	and	future	members	three	wishes:	to	give	us	enough	funding	
to	continue	 to	make	a	 splash	 in	 science;	 to	permeate	 the	architectural	 spirit	of	 the	new	building	 into	a	 spirit	of	cooperation,	
mutual	respect,	and	community	-	it	is	not	only	the	results	that	count	but	most	importantly	the	way	of	getting	there.	And	finally,	
that	all	current	and	future	members	enjoy	and	succeed	doing	science	so	that	IMBA	can	happily	live	on	ever	after.	

There	is	still	a	long	way	ahead	of	us.	But	we	have	achieved	major	accomplishments	within	a	very	short	time.	IMBA	has	developed	
better	than	I	ever	hoped	for	 in	my	restless	dreams.	Many	people	deserve	the	credit	and	I	am	indeed	proud	to	work	with	such	
exceptional	people	and	that	I	have	been	given	the	opportunity	to	head	this	institution.	

JOSEf	pENNINGER	
Managing Director/Science
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INTRODuCTION

The	completion	of	our	new	laboratory	and	office	building	has	definitely	been	the	most	prominent	milestone	in	the	still	young	
history	of	our	institute.	After	years	of	restrictions	and	improvisation,	all	IMBA	employees	can	now	benefit	from	a	state-of-the-art	
laboratory	and	office	infrastructure	built	within	a	very	communicative	and	inspiring	environment.	

The	new	infrastructure	has	led	to	significant	improvements	for	all	researchers	and	most	of	our	scientific	and	administrative	services	
at	the	IMp-IMBA	Research	Center.	Space	has	more	than	doubled	compared	to	last	year,	which	means	an	enormous	progress	in	
the	working	conditions	for	all	our	staff.	Moreover,	we	have	been	able	to	consolidate	all	research	and	service	activities	in	mass	
spectrometry	 for	 IMBA,	 IMp	and	 the	 Max	f.	perutz	 Laboratories	 at	 the	 IMBA	 building	 after	a	 long	 period	of	 interim	 solutions.		
Last	but	not	 least,	 the	expansion	of	the	cafeteria	with	 its	 larger	variety	of	 international	dishes	has	created	an	attractive	 lunch	
and	meeting	place	for	all	members	of	the	Campus	Vienna	Biocenter.	

2006	has	been	a	very	exciting	year	of	transition	and	improvement	but	also	a	year	of	consolidation.	The	slowdown	in	institutional	
growth	has	been	an	important	strategic	move	to	allow	the	IMBA	organisation	to	digest	the	dynamic	growth	of	previous	years	
and	 to	 focus	 resources	 and	 management	 attention	 on	 the	 set	 up	 of	 our	 new	 infrastructure.	 In	 the	 medium-term,	 the	 IMBA	
management	remains	fully	committed	to	seek	for	and	pursue	opportunities	to	further	expand	our	research	activities.	 	

With	an	annual	budget	of	almost	€	12	million	 the	number	of	 staff	has	 reached	a	 total	of	126	at	 the	end	of	November,	 an	8%	
increase	compared	with	last	year.	The	2006	budget	growth	has	been	mostly	subject	to	our	increasing	efforts	in	commercializing	
our	scientific	know-how	through	collaboration	with	industry	partners	such	as	Boehringer	Ingelheim	and	the	uS	biotech	company	
Genentech.	We	are	very	proud	that	such	renowned	companies	have	decided	to	join	forces	with	us	in	the	search	for	new	treatments	
in	human	medicine.	The	new	Center	for	Molecular	and	Cellular	Nanostructure	Vienna	(CMCN)	and	the	Vienna	Drosophila	RNAi	
Center	(VDRC),	both	joint	initiatives	of	IMBA	and	our	partner	institute,	the	Research	Institute	of	Molecular	pathology	(IMp),	have	
started	their	operations	 recently.	We	thank	 the	City	of	Vienna	 for	 their	generous	 financial	 support	of	 the	CMCN	and	wish	 the	
heads	of	both	Centers,	Thomas	Marlovits	and	Krystyna	Keleman,	all	the	best	for	the	future	of	these	very	promising	and	exciting	
new	research	ventures.	

I	would	like	to	thank	all	researchers	for	their	cooperation	and	patience	and	all	employees	in	scientific	services	and	administration	
for	their	high	service	commitment	during	this	dif ficult	and	challenging	transition	period.	Special	thanks	go	to	Alex	Chlup	and	
his	team,	Werner	Kubina	and	the	IT	service	group	and	all	others	involved	in	setting	up	and	running	our	new	facilities	for	their	
tremendous	efforts	and	persistence	in	turning	this	place	into	a	fantastic	new	home	for	researchers	at	IMBA	and	all	our	partner	
institutes.	We	also	 thank	the	Austrian	government,	 the	Austrian	Academy	of	Sciences,	 the	City	of	Vienna	and	all	national	and	
international	project	 sponsors	 for	 their	 substantial	 financial	 support	 to	position	 IMBA	as	a	Center	of	Excellence	 for	molecular	
biology	research	in	Europe.	

MIChAEL	KREBS	
Director/Finance and Administration



4	|	IMBA	REpORT	2006

IMBA	AND	ITS	SuRROuNDINGS

IMBA	and	Its	Surroundings

The	 Institute	 of	 Molecular	 Biotechnology	 (IMBA)	 is	 located	 in	 Vienna,	 the	 capital	 of	 Austria.	 IMBA	 was	 founded	 in	 1999	 by	
the	 Austrian	 Academy	 of	 Sciences	 in	 cooperation	 with	 Boehringer	 Ingelheim,	 an	 international	 pharmaceutical	 company	 with	
its	 headquarters	 in	 Germany.	 IMBA	 operates	 in	 close	 collaboration	 with	 the	 Research	 Institute	 of	 Molecular	 pathology	 (IMp),	
Boehringer’s	basic	 research	center	 in	Vienna.	The	 two	 institutes	are	 located	next	 to	each	other	and	share	 large	parts	of	 their	
infrastructure.	The	collaboration	is	known	under	the	name	of	“IMp-IMBA	Research	Center”.

The	Campus	Vienna	Biocenter
IMBA	 is	 situated	 at	 the	 “Campus	 Vienna	 Biocenter”	 (VBC),	 a	 rapidly	 growing	 biotechnology	 hub	 located	 halfway	 between	
Vienna’s	international	airport	and	the	city	center.	Apart	from	IMBA	and	its	partner	institute	IMp,	the	VBC	is	also	home	to	the	Max	
f.	perutz	Laboratories	(university	and	Medical	university	of	Vienna),	the	Gregor	Mendel	Institute	(GMI)	of	the	Austrian	Academy	
of	Sciences,	 a	university	of	Applied	Sciences,	 several	biotech	companies,	 a	pR	agency,	a	non-profit	 scientific	 society	and	 the	
Vienna	Open	Lab.	

More	than	1000	people	from	40	dif ferent	nations	currently	work	at	the	Campus	VBC.	Campus	members	enjoy	a	scientifically	and	
socially	 stimulating	environment	and	 take	advantage	of	 shared	 facilities	 such	as	 the	Max	perutz	Library.	A	number	of	events,	
including	seminars	and	lectures,	are	open	to	all.

Vienna	–	a	City	of	many	facets
for	those	whose	interests	stretch	beyond	science,	Vienna	also	has	a	lot	to	offer.	home	to	about	1.6	million	people,	the	city	is	the	
political	and	cultural	center	of	the	country	and	its	gateway	to	the	east.	Once	the	heart	of	the	largest	European	empire,	Vienna	
draws	 on	 a	 rich	 cultural	 heritage	 which	 is	 ref lected	 in	 splendid	 buildings	 and	 unique	 art	 collections.	 But	 Vienna	 is	 a	 city	 of	
many	facets.	Modern	architecture,	splendid	galleries	and	stylish	shops	are	as	much	a	part	of	everyday	life	as	the	famous	concert	
halls,	the	big	museums	and	the	nostalgic	little	streets.	As	any	European	capital,	Vienna	also	offers	a	vibrant	nightlife,	with	a	rich	
selection	of	restaurants,	cozy	bars,	and	trendy	clubs.

Apart	from	Vienna’s	focus	on	art	and	culture,	it	also	has	a	long-standing	tradition	in	science.	founded	in	1365,	the	university	of	
Vienna	is	the	oldest	university	in	the	German-speaking	world	and	the	largest	in	Austria.	With	a	student	population	of	more	than	
100,000,	Vienna	offers	not	only	the	academic	but	also	the	cultural	and	social	infrastructure	that	comes	with	student	life.

And	if	your	brain	needs	to	be	refreshed,	there	is	always	the	call	of	nature.	A	day	away	from	the	lab	may	take	you	skiing	to	the	
nearby	Alps,	windsurfing	at	Lake	Neusiedl	or	watching	rare	birds	 in	the	Seewinkel.	Even	within	the	borders	of	Vienna	you	can	
enjoy	a	hike	 through	dense	woods,	go	canoeing	 in	a	National	park,	climb	 impressive	 limestone	clif fs	or	 stroll	 through	 rolling	
vineyards.	In	fact,	more	than	50%	of	Vienna’s	surface	area	is	covered	by	vegetation.
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Your	Career	at	IMBA

IMBA	offers	exciting	positions	at	all	 levels	of	your	research	training	and	career.	 If	you	consider	 joining	 IMBA,	you	will	 find	first	
class	research	and	state-of-the-art	scientific	services.	As	a	member	of	one	of	the	scientific	groups,	you	will	be	part	of	a	young,	
international	 team,	 using	 English	 as	 a	 working	 language.	 The	 atmosphere	 at	 IMBA	 is	 stimulating	 and	 focused,	 and	 a	 certain	
pioneering	spirit	can	be	felt	among	its	staff.	The	brand-new	state-of-the-art	laboratory	and	office	building	was	officially	opened	
in	May	and	is	now	the	inspiring	home	to	more	than	120	scientists	and	administrative	staff.

Graduate	 students	 join	 the	 IMBA	 through	 the	 Vienna	 Biocenter	 International	 phD	 program,	 run	 jointly	 with	 the	 Max	 f.	 perutz	
Laboratories,	the	Institute	of	Molecular	pathology	(IMp)	and	the	Gregor	Mendel	Institute	(GMI).	A	call	for	applications	goes	out	
twice	a	year,	with	contracts	typically	lasting	3-4	years.	

IMBA’s	research	groups	are	well	funded	to	support	a	number	of	pre-	and	postdoctoral	positions.	A	substantial	travel	budget	allows	
scientists	 to	 take	part	 in	meetings,	conferences	and	courses.	 IMBA	and	 the	 IMp	organize	a	couple	of	conferences,	workshops	
and	symposia	every	year.	An	intensive	seminar	program	brings	internationally	renowned	scientists	to	the	institute	on	a	regular	
basis.

If	you	come	to	work	at	IMBA,	you’ll	obviously	come	in	the	first	place	for	the	science.	We	do,	however,	appreciate	your	private	needs	
and	try	to	make	relocation	as	smooth	as	possible.	for	newcomers,	there	are	several	in-house	apartments	to	bridge	the	time	until	
they	have	found	a	place	of	their	own.	Our	administrative	staff	is	helpful	in	finding	housing,	and	our	personnel	department	will	take	
care	of	your	legal	requirements	including	visas,	registration,	health	insurance	and	family	matters.	for	parents	with	young	children,	
two	day-care	facilities	are	available	in	the	immediate	neighborhood:	a	municipal	kindergarten	offers	admission	from	baby-age,	
and	a	privately	run	nursery	is	also	just	around	the	corner.	for	school-age	children,	Vienna	offers	a	large	range	of	dif ferent	types	
of	schooling,	from	public	to	private,	German-	or	foreign	language-speaking,	traditional	or	with	more	experimental	concepts.

Many	of	our	new	employees	are	accompanied	by	spouses	who	are	themselves	looking	for	a	qualified	position	in	line	with	their	
training.	 IMBA	is	certainly	aware	of	this	 fact	and	can,	 in	some	cases,	help	with	securing	a	 job.	We	also	support	your	efforts	to	
learn	German	and	sponsor	language	courses	run	by	one	of	Vienna’s	best	language	schools	as	well	as	team	sports.

More	information	about	career	opportunities	at	IMBA	is	available	at:	
www.imba.oeaw.ac.at
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JüRGEN	KNOBLICh
Asymmetric	Cell	Division	and	proliferation	
Control	in	Drosophila	Neural	Stem	Cells
juergen.knoblich@imba.oeaw.ac.at

Stem cells are capable of generating two different kinds of progeny: On one hand, they 
give rise to differentiating cells which exit the cell cycle and replace cells in the target 
tissue. On the other hand, they undergo self-renewal and generate other stem cells 
which continue to proliferate. How one cell can generate two daughter cells of such 
dramatically different properties and how defects in this asymmetry can contribute 
to tumor formation, are the questions we are trying to resolve.

The	model	system	we	use	is	the	Drosophila	brain.	During	development,	thousands	
of	 neurons	 present	 in	 the	 adult	 f ly	 brain	 arise	 from	 stem	 cell-like	 precursors	
called	 neuroblasts.	 Neuroblasts	 undergo	 repeated	 rounds	 of	 asymmetric	 cell	
division	during	which	they	form	a	large	and	a	smaller	daughter	cell	(figure	1A).	
While	 the	 small	daughter	cell	divides	only	once	more	 into	 two	dif ferentiating	
neurons,	 the	 large	 cell	 continues	 to	 proliferate	 in	 a	 stem	 cell- like	 manner.		
for	 this,	 it	 has	 to	 grow	 continuously	 to	 make	 up	 for	 the	 “loss”	 of	 cytoplasm	
during	mitosis.	Why	are	the	two	daughter	cells	so	dif ferent	in	their	cell	growth	
and	proliferation	properties	?

Stem	Cell	Tumors	in	Drosophila
The	answer	is	that	neuroblasts	are	capable	of	segregating	key	regulatory	proteins	
into	only	one	of	the	two	daughter	cells	during	mitosis	(figure	1B).	One	of	them	
is	the	tumor	suppressor	Brat	(Brain	tumor).	We	found	Brat	by	mass-spectoscopy	
in	a	search	 for	proteins	 regulating	 f ly	brain	development.	Brat	 is	a	member	of	
a	conserved	protein	 family	 that	 is	characterized	by	a	similar	domain	structure	
(figure	2A).	In	neuroblasts,	Brat	is	uniformly	distributed	in	the	cytoplasm	during	
interphase.	During	mitosis,	however,	 it	 concentrates	at	 the	plasma	membrane	
and	localizes	 into	a	crescent	overlying	one	of	the	two	spindle	poles,	so	that	 it	
is	 inherited	 by	 only	 one	 of	 the	 two	 daughter	 cells.	 When	 Brat	 is	 missing,	 cell	
growth	 and	 proliferation	 are	 no	 longer	 restricted	 to	 only	 one	 cell.	 Now,	 both	
cells	proliferate	leading	to	an	exponential,	tumor-like	expansion	of	the	neuroblast	
pool.	As	a	consequence,	brains	grow	to	an	enormous	size	(figure	2B).	ultimately,	
the	 developing	 brain	 tumors	 fill	 out	 the	 whole	 body	 cavity	 and	 kill	 the	 f ly.		
Very	similar	tumors	are	seen	in	mutants	that	affect	the	asymmetric	segregation	
of	Brat,	presumably	because	in	these	mutants	Brat	concentration	is	too	low	in	
both	daughter	cells	to	inhibit	proliferation.	how	Brat	 inhibits	proliferation	and	
growth	and	whether	its	function	is	conserved	in	vertebrates,	are	questions	we	
are	currently	trying	to	answer.

Mechanisms	of	Asymmetric	Cell	Division
how	does	Brat	get	into	one	of	the	two	daughter	cells	?	Brat	localization	requires	
a	 conserved	 protein	 kinase	 called	 apKC.	 Before	 mitosis,	 apKC	 localizes	 to	 the	

Jürgen Knoblich / Senior Scientist and Deputy Director

Jörg Betschinger 1, 8 / Postdoc
Sheetal Bhalerao 1, 7 / Postdoc

Gregory Emery 8 / Postdoc
Christoph Jüschke 2, 9 / Postdoc

Takashi Nishimura 3, 10 / Postdoc
Maria Pia Postiglione / Postdoc

Jens Christian Schwamborn 4, 11 / Postdoc
Masakazu Yamazaki 5 / Postdoc

Mihaela Zigman 7 / Postdoc
Sarah Bowman / PhD Student

Ciara Gallagher 7 / PhD Student
Spyros Goulas 10 / PhD student

Anja Fischer 12 / PhD student
Andrea Hutterer 7 / PhD Student

Jennifer Mummery / PhD Student
Ralph Neumüller / PhD Student

Constance Richter / PhD Student
Frederik Wirtz-Peitz 6 / PhD Student

Elke Kleiner / Lab Manager
Noriko Nishimura 10 / Technical Assistant

Fellowships:
1 FWF, 2 FEBS, 3 HFSP, 4 EMBO, 5 Marie Curie, 6 BIF

7 until August, 8 until December, 9 since February, 
10 since April, 11 since July, 12 since September

A

B

1



IMBA	REpORT	2006	|	7	

RESEARCh	GROupS

side	opposite	to	where	Brat	will	accumulate.	During	mitosis,	 it	phosphorylates	
a	cytoskeletal	protein	called	Lgl	(Lethal	(2)	giant	larvae).	Lgl	is	present	all	around	
the	 cell	 cortex	 and	 is	 necessary	 for	 Brat	 to	 localize	 to	 the	 plasma	 membrane.	
phosphorylation	by	apKC,	however,	 inactivates	Lgl	on	one	side	of	 the	cell	and	
restricts	its	activity	to	the	opposite	side.	This	is	why	Brat	becomes	asymmetrically	
localized	during	mitosis.	Currently,	we	do	not	know	how	Lgl	acts	 in	recruiting	
proteins	 to	 the	 plasma	 membrane.	 We	 have	 carried	 out	 genome-wide	 RNAi	
screens	for	genes	involved	in	asymmetric	cell	division	and	the	players	we	expect	
to	identify	might	hold	the	answer	to	this	important	question.

Spindle	Orientation
The	asymmetric	localization	of	Brat	has	to	be	coordinated	with	the	orientation	
of	 the	 mitotic	 spindle	 so	 that	 Brat	 will	 segregate	 into	 only	 one	 of	 the	 two	
daughter	cells.	Mitotic	spindles	are	oriented	by	astral	microtubules	emanating	
from	the	centrosome	to	the	cell	cortex	(figure	3).	It	is	thought	that	a	microtubule		
attachment	site	at	the	cortex	is	critical	for	pulling	one	of	the	two	centrosomes	to	
orient	the	mitotic	spindle.	In	Drosophila	neuroblasts,	spindle	orientation	requires	
apKC,	but	Lgl	is	not	a	critical	factor.	Instead,	apKC	(and	its	binding	partners	par-6	
and	 par-3)	 recruits	 two	 adaptor	 proteins	 called	 Inscuteable	 and	 pins	 and	 the	
heterotrimeric	G-protein	a-subunit	Gai.	These	proteins	are	required	for	spindle	
orientation	 but	 do	 not	 bind	 microtubules	 so	 that	 the	 nature	 of	 the	 cortical	
site	is	unknown.	We	have	recently	found	that	the	coiled-coil	protein	Mud	is	an		
additional	member	of	the	Inscuteable/pins/Gai	complex.	Mud	colocalizes	with	
pins	and	Gai	and	is	required	for	the	correct	orientation	of	the	mitotic	spindle.	Mud	
is	the	Drosophila	homolog	of	NuMA,	a	well	characterized	microtubule	binding	
protein	 in	vertebrates.	 Indeed,	Mud	can	bind	microtubules	and	enhance	 their	
stability	and	therefore	seems	to	be	the	site	for	cortical	microtubule	attachment	
that	orients	the	mitotic	spindle	in	neuroblasts.	

Figure 1: How cells divide asymmetrically. A. Drosophila neuroblasts divide asymmetrically in a stem cell-like fashion. B. Live imaging of asymmetric cell division. 
Stills from a movie (available on our website) of asymmetric cell division in the Drosophila peripheral nervous system. Histone-RFP (red, to visualize 
chromatin) and Pon-GFP (green, to visualize asymmetric protein segregation) are recorded.

Figure 2: Stem cell derived tumor formation in Drosophila. A. The Brat protein family. NHL domains are red, Coiled coil motifs green, B-boxes (Zn-finger like motifs) 
blue and Ring fingers yellow. B. Larval brain from a wild type (top) and brat mutant animal. Neuroblasts are green, differentiating neurons are red.  
brat brains show a dramatic overproliferation of neuroblasts.

Figure 3: Spindle orientation in Drosophila neuroblasts. During interphase, an area of the cell cortex (red) forms a microtubule attachment site. In this area,  
the Mud protein associates with astral microtubules, which pull one of the two centrosomes to rotate the mitotic spindle. Correct spindle orientation 
ensures asymmetric segregation of Brat in a wild type (left) but not mud mutant (right) neuroblast.
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ThOMAS	MARLOVITS
Design	and	function	of	
Molecular	Machines
thomas.marlovits@imba.oeaw.ac.at

What keeps cells and organisms alive are specific functions performed by highly 
organized macromolecular assemblies. Our research is motivated to understand the 
fundamental design and function of such macromolecular complexes. In particular, 
we are interested in systems that are involved in protein transport and signaling. At the 
center of our research, our laboratory takes an integrated approach and combines tools 
for structural and molecular biology, biochemistry and biophysics. In particular, we use 
three-dimensional electron cryomicroscopy and image processing as a platform to link 
high-resolution structural biology with cell biology in order to obtain for the first time 
a mechanistic view of macromolecular machines from an atomic to cellular level.

host-pathogen-Interaction
Gram	 negative	 pathogens,	 like	 Salmonella, Yersinia,	 or	 Shigella, use	 the	 type	 III	
secretion	system	(TTSS)	to	initiate	infection	in	eukaryotic	cells.	The	TTSS	is	a	complex	
macromolecular	 system	 that	 serves	 as	 a	 structural	 platform	 to	 make	 physical	
contact	 between	 cells	 and	 mediates	 the	 unidirectional	 transport	 of	 bacterial	
toxins	(effector	proteins)	into	eukaryotic	cells.	These	systems	are	essential	for	a	
successful	infection	resulting	in	well-known	clinical	symptoms	ranging	from	mild	
headaches	and	diarrhea	to	even	life-threatening	diseases,	such	as	typhoid	fever	
or	bubonic	plaque.	Comprised	of	more	 than	 twenty	proteins,	 TTSSs	assemble	
into	 large	 "molecular	 nanomachines"	 composed	 of	 a	 set	 of	 soluble	 as	 well	 as	
membrane	proteins.	All	of	the	structural	components	as	well	as	other	proteins	
involved	in	assembly	and	function	are	encoded	on	specific	pathogenicity	islands	
(fig	1A).	Recently,	genetic	and	biochemical	analysis	 revealed	 that	assembly	of	
the	TTSS	is	a	step-wise	process	during	which	stable	intermediate	substructures	
are	formed	(figure	1B).	

The	Molecular	Design
The	most	prominent	substructure	of	the	TTSS	is	known	as	the	"needle	complex",	
a	 cylindrical,	 needle-shaped	 and	 membrane-embedded	 organelle	 protruding	
from	 the	 bacterial	 envelope	 (figure	 1CD).	 The	 needle	 complex	 is	 believed	 to	
serve	as	a	conduit	for	the	safe	transport	of	virulence	factors	from	the	bacterial	
cytoplasm	through	a	number	of	natural	barriers	into	eukaryotic	cells.	In	Salmonella 
typhimurium,	 which	 serves	 as	 our	 model	 for	 bacterial	 delivery	 systems , this	
complex	is	formed	by	multiple	copies	of	only	five	proteins:	prgh,	prgK,	and	InvG	
make	up	the	membrane	associated	base-structure,	prgJ,	the	inner	rod,	and	prgI,	
the	needle	filament	extending	into	the	extracellular	environment	(figure	1E	and	
2D).	In	order	to	investigate	the	molecular	mechanism	of	type	III	secretion,	we	first	
set	out	 to	determine	structural	components	of	 the	TTSS.	We	were	challenged	
by	 the	 mega-dalton	 size	 of	 the	 complex,	 its	 natural	 composition	 (membrane	
and	soluble	proteins),	and	the	limited	availability.	Nevertheless,	we	were	able	to	
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Figure 1: The type III secretion system (A) The type III secretion system is located on the bacterial chromosome but encoded on a specific pathogenicity island. 
Structural proteins of the needle complex are indicated in blue color. (B) Formation of stable intermediate substructures during assembly. (C) Electron 
micrograph of osmotically shocked S. typhimurium showing the needle complex embedded in the bacterial envelope and released after detergent 
treatment (D) bar: 100 nm. (E) Schematic representation of the Salmonella needle complex and its components. PrgH, PrgK, and InvG make up the 
membrane embedded base structure, whereas PrgI forms the helical filament protruding into the extracellular environment. The inner rod (see Figure 2D) 
anchors the filament into the base.

Figure 2: The structure of the base and the needle complex Surface renderings of the base (A) and the needle complex (B) show that their overall shape is quite 
similar. However, tilted views indicate that during the assembly, individual domains must undergo large structural rearrangements. (C) The inside of the 
base reveals an internal structure (socket), which serves as a docking site for the inner rod. (D) Contoured, longitudinal sections show the overall protein 
density distribution present in the base and the needle complex. (E) Key dimensions are given in Angstroms.

purify	sufficient	amounts	of	the	entire	 ‘needle	complex’	and	its	precursor,	 the	
‘base’,	by	a	combination	of	detergent	extraction,	and	size	separation	by	velocity	
gradient	centrifugation.	Our	biochemical	analysis	using	quantitative	amino	acid	
analysis	 showed	 that	 the	 membrane	 associated	 base	 proteins	 are	 present	 in	
equimolar	amounts	(prgh:prgK:InvG	=	1:1:1).	On	a	structural	level,	this	suggests	
that	the	three	proteins	are	likely	to	share	the	same	rotational	symmetry	of	the	
cylindrically-shaped	 base.	 We	 were	 intrigued,	 however,	 to	 discover	 that	 the	
membrane-anchored	base	can	adopt	different	sizes.	A	detailed	structural	analysis	
by	three-dimensional	electron	cryomicroscopy	and	single-particle	analysis	finally	
revealed	 that	 several	 rotational	 symmetries	 or	 oligomeric	 states	 are	 present	
in	the	population	of	the	 ‘needle	complex’	and	the	 ‘base’.	Whether	all	of	 these	
complexes	have	a	physiological	role	remains	an	open	question.
In	addition,	our	analysis	 identified	a	new	structural	component,	the	inner	rod,	
which	 is	 located	 in	 the	center	of	 the	needle	complex	 (figure	2).	 It	 (1)	extends	
the	secretion	path	from	the	base	into	the	needle	filament,	and	(2)	serves	also	as	
an	anchor	to	stably	connect	the	needle	filament	into	the	base.	During	assembly,	
the	inner	rod	and	the	needle	filament	are	added	as	new	structural	components	
to	the	base.	As	a	consequence,	it	must	undergo	large	conformational	rearrange-
ments,	 which	 demonstrates	 the	 f lexible	 but	 also	 stable	 property	 of	 the	 base.	
functionally,	this	dynamic	behavior	is	a	crucial	event	during	the	assembly	process,	
which	reprograms	the	secretion	machine	such	that	 it	becomes	competent	 for	
the	secretion	of	virulence	factors	only	after	the	growth	of	the	needle	filament	
is	completed.	
Although	the	design	of	the	TTSS	appears	to	be	conceptually	simple,	structural	
characterization	of	the	needle	complex	is	at	an	early	stage,	leaving	many	questions	
unanswered:	What	nucleates	the	assembly	of	the	TTSS?	how	dynamic	is	the	entire	
assembly	process?	 	how	does	the	export	machinery	 interface	with	the	needle	
complex	 and	 what	 determines	 the	 substrate	 specificity	 for	 protein	 secretion?		
We	have	just	begun	to	address	such	questions,	and	we	hope	that	by	understanding	
the	molecular	mechanism	of	TTSS-mediated	protein	transport	we	may	provide	
the	basis	 for	the	development	of	novel	therapeutic	strategies	to	either	 inhibit	
its	activity	or	modify	the	system	for	a	targeted	drug	delivery.

2
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JAVIER	MARTINEz
Mechanisms	of	RNA	Silencing	
in	human	Cells
javier.martinez@imba.oeaw.ac.at

It will not be easy, for those of us working on RNA silencing, to forget the year 2006.  
The Nobel Prize has been awarded to Andrew Fire and Craig Mello for their pioneering 
work on the ability of double-stranded RNA to degrade, and therefore, silence the  
expression of genes with a complementary sequence. Our laboratory contributes 
to the RNA interference (RNAi) field by identifying a novel, human RNA-kinase 
that phosphorylates short interfering RNAs (siRNAs) upon transfection into cells.  
The phosphorylation event is crucial for the assembly of siRNAs into RISC, the  
RNA-Induced Silencing Complex. The field of microRNAs (miRNAs), small RNAs that 
regulate a large portion of the genome by binding to the 3’-UTR of target mRNAs, has 
continued to flourish in 2006, with major advances in terms of processing mechanisms, 
target mRNA identification and functions. We have recently reported that the processing 
of a ~23-24 nt miRNA from a ~70 nt precursor (pre-miRNA) can be regulated in a tissue-
specific manner. Our laboratory is now attempting to purify the protein responsible 
for such regulation. In addition, we are searching for miRNAs involved in cancer and, 
in particular, in the process of metastasis. 

Identification	of	hClp1	as	a	Novel	human	RNA-kinase	 	
that	phosphorylates	siRNAs	and	3’	Exons	during	
tRNA	Splicing
for	 its	 incorporation	 into	 the	 RNA-Induced	 Silencing	 Complex	 (RISC)	 in	 order	
to	mediate	efficient	RNAi,	the	guide	strand	of	an	siRNA	duplex	needs	to	display	
a	 phosphate	 group	 at	 the	 5’	 end	 (figure	 1A).	 however,	 transfection	 of	 human	
cells	with	non-phosphorylated	siRNAs	also	leads	to	potent	gene	silencing	due	
to	the	presence	of	an	endogenous	siRNA-kinase	activity.	So	far,	the	identity	of	
this	kinase	has	remained	elusive.	Monitoring	siRNA	phosphorylation,	we	applied	
a	classical	chromatographic	approach	that	resulted	in	the	identification	of	the	
protein	 hClp1	 (human	 Clp1)	 as	 the	 siRNA-kinase.	 hClp1	 has	 previously	 been	
described	as	a	component	of	both	 tRNA	splicing	and	mRNA	3’	end	 formation	
machineries.	 We	 revealed	 hClp1	 as	 the	 RNA-kinase	 activity	 that	 acts	 during		
human	tRNA	splicing,	where	it	phosphorylates	the	5’	end	of	the	3’	exon	allowing	
subsequent	ligation	of	both	exon	halves	(figure	1B).	future	studies	will	be	aimed	
at	 investigating	 the	 function	of	hClp1	 in	other	RNA	metabolic	pathways,	 such	
as	mRNA	3’	end	formation.

post-transcriptional	Regulation	of	miRNA	Expression:	
Who	Controls	the	Controllers?	
miRNAs	 are	 a	 large	 family	 of	 small	 (~22-nt),	 non-coding	 RNAs	 that	 bind	 to	
complementary	sequences	in	the	3’-untranslated	region	(3’-uTR)	of	mRNAs,	and	
mediate	 translational	 repression	 or	 mRNA	 cleavage.	 	 miRNAs	 are	 transcribed	
as	 mono-	 or	 polycistronic	 primary	 transcripts	 (pri-miRNAs)	 that	 are	 cleaved		
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Figure 1: The function of hClp1 in RNAi and tRNA splicing. A) hClp1 phosphorylates siRNAs bearing 5’ hydroxy groups using ATP, a requirement for assembly of the 
guide strand onto RISC. B) The human Sen endonuclease (hSen) complex recognizes and cleaves at the 5’ and 3’ splice sites to remove the intron from 
pre-tRNAs. The endonucleolytic cleavage results in 2’, 3’ cyclic phosphate and 5’ hydroxyl termini, at the 5’ and 3’ splice site, respectively. hClp1  
is the RNA-kinase activity that phosphorylates the 5’ end of the 3’ exon using ATP for the subsequent ligation of both exons. 

Figure 2: Searching for the inhibitor that impairs maturation of pre-miR138 in HeLa cells. A) Purification scheme. Highlighted is the purification step depicted in 
Figure 2B. B) Heparin chromatography. The lane “Buffer” refers to a pre-miRNA processing reaction containing recombinant Dicer and buffer  
instead of fractions from the column. 

Figure 3:  Metastatic potential of miRNAs. Murine lungs after the injection of cells overexpressing a scrambled siRNA duplex (left) or a candidate,  
metastasis-specific miRNA (right). 

into	~70-nt	precursor	hairpins	(pre-miRNAs)	by	the	nuclear	RNase	III-like	enzyme	
Drosha.	Subsequently,	pre-miRNAs	are	exported	to	the	cytoplasm,	where	they	
are	 processed	 by	 another	 RNase	 III-like	 enzyme,	 Dicer,	 into	 ~22-nt	 duplexes,	
followed	 by	 assembly	 into	 RISC.	 Many	 mammalian	 miRNAs	 are	 tissue-	 and/or	
developmental	 stage-specifically	 expressed,	 and	 it	 is	 currently	 believed	 that	
miRNA	expression	is	controlled	at	the	promoter	level.	however,	we	have	recently	
found	 that	 miRNA	 expression	 can	 also	 be	 regulated	 after	 transcription,	 at	 the	
level	 of	 pre-miRNA	 processing.	 In	 particular,	 miR-138	 is	 spatially	 restricted	 to	
distinct	cell	types	in	the	brain,	while	its	precursor,	pre-miR-138-2,	is	ubiquitously	
expressed.	 We	 hypothesized	 the	 existence	 of	 a	 tissue-specific	 inhibitor	 that	
could	impair	pre-miRNA	processing	in	those	tissues	where	the	mature	miR-138	
is	not	detected.	We	are	pursuing	the	identification	of	such	an	inhibitor.	Starting	
from	 heLa	 cytoplasmic	 extracts	 and	 monitoring	 inhibition	 of	 Dicer-mediated	
pre-miR-138	processing,	we	have	developed	a	purification	protocol	(figure	2A).	
A	heparin	chromatography	 is	 shown	 (figure	2B),	where	 the	 inhibiting	activity	
results	 in	 the	 accumulation	 of	 ~70	 nt	 pre-miR-138	 and	 the	 disappearance	 of	
the	mature,	~23-24	nt	miR-138.	We	will	perform	mass	spectrometry	analysis	to	
identify	proteins	present	in	the	most	purified	fraction,	and	RNAi-knock-downs	
to	validate	candidate	genes.

Deciphering	the	Role	of	miRNAs	in	Metastasis
We	 have	 recently	 star ted	 a	 new	 project	 with	 the	 goal	 of	 identif ying	 and		
functionally	characterizing	miRNAs	involved	in	metastasis.	In	cooperation	with	
Exiqon	A/S,	Denmark,	we	perform	miRNA-chip	screens	comparing	non-metastatic	
with	metastatic	cells	and	tumor	samples	with	non-tumorigenic	tissue.	Our	goal	
is	to	uncover	miRNAs	that	promote	or	 interfere	with	the	process	of	metastasis	
and	 identify	 the	 regulated	 targets	 and	 pathways.	 preliminary	 results	 show	 an	
enhanced	 metastatic	 potential	 of	 tumorigenic	 cells	 overexpressing	 miRNAs		
that	were	identified	in	the	microarray	screen	(figure	3).	
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KAzufuMI	MOChIzuKI
RNA-directed	DNA	Elimination	
in	Tetrahymena
kazufumi.mochizuki@imba.oeaw.ac.at

The onion has more than 12 times as much genome as a human has. Does this mean 
the onion is more complicated and more intelligent than we are? Perhaps yes, but this 
presumably means an onion has more “junk” DNA than a human has. If some DNA 
are useless, why doesn’t an onion discard them? Actually, several creatures do discard 
such DNAs during their development. Our group is attempting to find out how one 
such intelligent creature, Tetrahymena, dumps useless DNA.

During	sexual	reproduction,	Tetrahymena, a	ciliated	protozoan,	eliminates	useless	
or	even	harmful	DNAs	from	its	nuclei,	instead	of	continuing	to		silence	such,	as	
do	other	eukaryotes.	But	how	do	they	precisely	recognize	“useful”	and	“useless”	
DNA?	In	recent	years,	we	revealed	that	Tetrahymena	uses	small	RNA	of	about	28	
nucleotides	to	identify	the	useless	DNA	for	elimination.	This	small	RNA	is	produced	
by	an	RNAi-related	mechanism	and	induces	the	formation	of	heterochromatin,	
a	 typical	 form	 of	 silenced	 chromatin.	 Thereaf ter,	 Tetrahymena	 eliminate	 the	
heterochromatins	 for	 “forever”	 gene	 silencing.	 Thus,	 the	 DNA	 elimination	 in	
Tetrahymena	is	a	unique	system	to	study	two	gene	silencing	mechanisms,	RNAi	
and	heterochromatin.	Our	study	focuses	on	the	molecular	mechanisms	linking	
the	RNAi,	heterochromatin	and	the	DNA	elimination.	Links	between	RNAi	and	
heterochromatin	have	also	emerged	in	many	other	eukaryotes.	Thus,	this	study	
should	provide	us	with	important	insights	not	only	into	the	DNA	elimination	in	
a	curious	microbe	but	also	into	how	chromatin-level	silencing	is	epigenetically	
directed	by	tiny	RNAs	in	general	eukaryotes.

Each	 interphase	 Tetrahymena	 cell	 (figure	 1)	 has	 a	 macronucleus	 (Mac)	 and	 a	
micronucleus	(Mic).	Mac	is	polyploid	and	is	transcriptionally	active,	while	Mic	is	
diploid	and	is	transcriptionally	inert	during	the	vegetative	growth.	Mic	has	the	
ability	to	undergo	meiosis	during	the	sexual	process	of	conjugation	and	to	form	
both	new	Mac	and	Mic	for	the	next	generation.	After	the	new	Mac	forms,	the	old,	
parental	Mac	is	destroyed.	During	development	of	the	new	Mac,	massive	DNA	
elimination	occurs.	About	15%	of	the	Mic	genome,	called	 internal,	eliminating	
sequences	(IESs),	is	eliminated	from	the	developing	Mac.	DNA	elimination	sites	are	
healed	by	re-ligation	of	the	f lanking	macronuclear-destined	sequences	(MDSs).	
IESs	are	 range	 in	size	 from	~0.5	 to	20	kb	 in	 length	and	are	mostly	moderately	
repeated	 in	 Mic.	 Many	 IESs	 are	 probably	 derived	 from	 transposons	 or	 viruses.	
Thus,	IES	elimination	could	be	evolved	as	a	defense	system	against	transposons	
invaded	in	the	Mic	genome	by	eliminating	those	potentially	harmful	DNAs.	

No	consensus	sequences	have	been	found	in	or	around	IESs	that	could	explain	
how	 they	 are	 precisely	 recognized	 and	 are	 targeted	 for	 elimination.	 Recent		
studies	revealed	that	an	RNAi-related	mechanism	was	involved	in	DNA	elimination.	
Dcl1p,	a	Dicer	family	protein,	and	Twi1p	(figure	2),	an	Argonaute	family	protein,	
are	required	for	DNA	elimination.	Both	Dicer	and	Argonaute	family	proteins	are	

Kazufumi Mochizuki 1 / Group Leader

Lucia Aronica 2 / PhD Student
Henriette Kurth 3 / PhD Student

Tomoko Noto 1 / Technician

1 since February,
2 since July,

3 since November



IMBA	REpORT	2006	|	13	

RESEARCh	GROupS

Figure 1:  Nuclear Dimorphism of Tetrahymena. Tetrahymena thermophila have two different nuclei (stained red), smaller micronucleus (Mic) 
 and larger macronucleus (Mac), in a single cell. 

Figure 2: Localization of Twi1p. Twi1p (stained red) and DNA (stained green) were localized in the new Mac development stage. Twi1p was observed only in new Macs.

Figure 3: DNA Elimination is Controlled by an RNAi-related Mechanism Left: Localization of the proteins involved in the genome rearrangement. Middle: Putative 
localization of scnRNA. Right: A model that explains how DNA elimination is epigenetically controlled by an RNAi-related mechanism. First, the entire Mic 
genome is transcribed bi-directionally in early conjugation by RNA polymerase II. These transcripts then form dsRNAs that are processed to scnRNAs by Dcl1p. 
The scnRNAs then accumulate in the cytoplasm and make a complex with Twi1p. Next, the scnRNA-Twi1p complex transfers to (old) Mac where we propose 
that those having a homologous Mac DNA sequence are degraded. As a result, only scnRNAs homologous to Mic-specific (IES) sequences remain in the old 
Mac. Finally, these scnRNAs move (in association with Twi1p) to the developing new Mac. There, the sequences homologous to the scnRNAs are identified  
as IESs and targeted for methylation of histone H3 Lys-9 and accumulation of Pdd1p. Finally, these marked sequences are eliminated.

known	to	be	involved	in	RNAi-related	gene-silencing	events	in	many	eukaryotes.	
~28nt	 siRNAs	 (named	 scnRNA)	 are	 specifically	 expressed	 during	 conjugation.	
Dcl1p	is	required	for	making	scnRNA	from	the	Mic	transcripts.	Twi1p	is	associated	
with	scnRNAs	and	is	required	for	their	accumulation.	The	specificity	of	scnRNAs	
for	Mic-limited	sequences	gradually	increases	during	conjugation.	Also,	injection	
of	in vitro	synthesized	dsRNAs	homologous	to	MDSs	induces	ectopic	elimination	
of	the	MDSs	during	conjugation.	

Other	evidences	suggested	that	the	DNA	elimination	was	also	related	to	hetero-
chromatin	formation.	first,	like	the	heterochromatin	in	other	eukaryotes,	methylated	
histone	 h3	 on	 lysine-9	 residue	 (h3K9me)	 is	 enriched	 on	 the	 eliminating	 IESs.	
Secondly,	two	chromodomain	containing	proteins,	pdd1p	and	pdd3p,	specifically	
bind	to	h3K9me	and	also	accumulated	on	eliminating	IESs.	In	other	eukaryotes,	
the	chromodomain	protein	hp1/Swi6	specifically	interacts	with	h3K9me	and	is	
also	enriched	on	heterochromatin.	Genetic	studies	suggested	that	h3K9me	and	
pdd1p	were	required	for	the	DNA	elimination.	Also,	an	RNAi-related	mechanism	is	
required	for	formation	of	heterochromatin-like	state	on	IESs	because	disruption	
of	DCL1	or	TWI1	causes	 loss	of	h3K9me.	Thus,	RNAi,	heterochromatin	and	DNA	
elimination	are	linked.	from	these	studies,	we	proposed	a	model	to	explain	how	
IESs,	lacking	any	consensus	sequences,	are	recognized	during	Mac	development	
by	using	an	RNAi-related	mechanism	(see	figure	3	for	details).	

Our	long-term	goal	is	to	understand	how	RNAi	induces	heterochromatin	and	how	
heterochromatin	induces	DNA	elimination.	To	understand	these,	we	are	trying	
to	find	out	how	the	known	“players”	(scnRNA,	Dcl1p,	Twi1p,	h3K9me	and	pdd1p)	
communicate	 with	 each	 other	 so	 well	 as	 to	 identify	 more	 players	 involved	 in	
the	 genome	 rearrangement	 by	 biochemistry,	 genetics	 and	 molecular	 biology	
techniques.
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JOSEf	pENNINGER
RANKL/RANK:	Linking	Bones,	
Immunity,	and	Cancer	
josef.penninger@imba.oeaw.ac.at

We have previously shown that RANKL and its receptor RANK control osteoclast  
differentiation and are essential for the development of a lactating mammary gland in 
pregnancy and lymph node organogenesis. Interestingly, RANKL plays a role in migration 
and tissue-specific metastatic behavior of cancer cells suggesting that RANKL is a “soil” 
factor for bone-specific metastases of epithelial tumors. 

RANKL-RANK	-	the	Master	Regulators	of	 	
Osteoclast	Development
Millions	of	people	worldwide	are	affected	by	bone-related	disease	such	as	osteo-
porosis,	rheumatoid	arthritis,	and	cancer	metastases	into	bones.	The	TNf-family	
molecule	RANKL	(ligand-to-receptor	activator	of	NfkB	ligand)	and	its	receptor	
RANK	are	key	regulators	of	bone	remodeling	and	essential	for	the	development	
and	activation	of	osteoclasts	(Kong	et	al.	Nature;	figure	1).	RANKL	expression	on	
immune	cells,	e.g.	activated	T	cells,	can	directly	trigger	osteoclastogenesis	and	
explains	why	autoimmune	diseases,	cancers,	leukemias,	asthma,	or	periodontal	
disease	 result	 in	systemic	and	 local	bone	 loss.	 In	particular,	RANKL	appears	 to	
be	 the	 pathogenetic	 principle	 that	 causes	 bone	 and	 cartilage	 destruction	 in	
arthritis.	 Inhibition	 of	 RANKL	 function	 via	 the	 natural	 decoy	 receptor	 osteo-	
protegerin	(OpG)	prevents	bone	loss	in	postmenopausal	osteoporosis,	periodontitis-	
associated	tooth	loss	(Teng	et	al.	J.	Clin.	Inv.),	and	completely	blocks	crippling	in	
a	rat	model	of	arthritis	(Kong	et	al.	Nature).	RANKL	also	mediates	T	cell/dendritic	
cell	 communications	 and	 lymph	 node	 organogenesis.	 Moreover,	 RANK-L	 and	
RANK	 play	 essential	 roles	 in	 the	 formation	 of	 a	 lactating	 mammary	 gland	 in	
pregnancy	(fata	et	al.	Cell;	figure	2).	RANK	signaling	in	osteoclasts	and	mammary	
cancer	utilize	similar	activation	pathways	such	as	Gab2	(Wada	et	al.	Nature	Med.)	
Thus,	this	system	provided	an	unexpected	molecular	paradigm	that	links	bone	
morphogenesis,	organization	of	lymphoid	tissues,	and	mammary	gland	formation.	
This	data	also	provided	an	evolutionary	rationale	for	hormonal	regulation	and	
gender	bias	of	osteoporosis.

Bone	Metastases
Metastases	are	the	main	cause	of	cancer	death.	In	particular,	bone	metastases	are	
a	frequent	complication	of	many	cancers	that	result	in	severe	disease	burden	and	
pain.	In	1893	it	was	proposed	that	local	tissue	environments	actively	participate	
in	the	propensity	of	certain	cancers	to	metastasize	to	specific	organs,	and	that	
the	bone	provides	an	especially	fertile	“soil”.	Since	RANKL	is	the	critical	osteoclast	
differentiation	factor	highly	expressed	in	the	bone	marrow	and	its	receptor	RANK	
is	expressed	on	multiple	tumor	cells,	which	preferentially	metastasize	to	bone,	we	
speculated	that	RANKL	might	be	one	of	the	long	sought	after	“soil”	factors	that	
facilitates	metastasis	to	bone.	Our	results	showed	that	RANKL	triggers	migration	
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Figure 1:  Osteopetrosis and absence of osteoclasts in rankl-/- mice. The femur of rankl-/- mice is shortened and club-shaped and the shaft of the femur is filled with 
cartilage and bone. H. E. staining. Extensive analysis of bone showed that osteoclasts were completely absent in rankl-/- mice. A femur from a normal  
wild-type mouse is shown for comparison. (Kong et al. Nature). 

Figure 2:  Essential role of RANKL in the formation of lobulo-alveolar mammary structures in pregnancy. Whole-mount analyses of mammary tissue of (A) 
nulliparous wild-type females; (B) nulliparous rankl-/-females; (C) wild-type females at day 14.5 of pregnancy (P14.5); and (D) rankl-/- females at P14.5. 
Mammary gland ductal morphogenesis appears normal in nulliparous rankl-/- females (A,B). Alveoli in gestating wild-type females (arrowhead in C)  
have progressed to form lobular structures, whereas development is completely arrested at a rudimentary alveolar bud in  rankl-/- females  
(arrowheads in D). The same can be seen in pregnant rankl-/- females. Scale bar: 0.5 mm. (Fata et al. Cell).  

Figure 3: Inhibition of RANKL/RANK signaling results in reduced tumor metastasis in the bones. Macroscopic appearance of long bones on day 14 after injection 
of melanin-producing B16F10 melanoma cells into female recipients left untreated (tumor) or following in vivo treatment with the RANKL inhibitor OPG 
(Tumor/OPG). Arrows point at metastatic foci. Similar results, i.e. massive tumor burden in non-treated and markedly reduced melanin-producing tumors 
in OPG-treated mice, were observed in vertebrae, ribs, and skull.

of	multiple	human	tumor	cells	that	express	RANK.	RANKL	also	triggers	migration	
of	primary	breast	epithelial	cells	and	osteoclasts,	i.e.	RANKL-induced	migration	
occurs	 in	 normal,	 non-transformed	 cells.	 In	 a	 model	 of	 melanoma	 metastasis,	
in vivo	 neutralization	 of	 RANKL	 by	 OpG	 results	 in	 complete	 protection	 from	
paralysis	and	a	marked	reduction	in	tumor	burden	in	bones	but	not	other	organs	
(figure	3).	Thus,	RANKL	might	be	one	of	the	long-sought-after	“soil”	factors	for	
tissue-specific	cancer	metastases	(Jones	et	al.	Nature	2006).

future	Direction
Our	 study	 introduced	 the	 concept	 that	 RANKL	 exhibits	 additional	 actions	 on	
cancer	cells	beyond	 its	effects	on	osteoclasts.	But	what	 is	 the	ultimate	role	of	
osteoclasts	 in	 bone	 metastases?	 All	 of	 the	 proposed	 paradigms	 are	 based	 on	
correlative	localization	studies	and	experiments	with	bisphosphonates	that	affect	
not	 only	 osteoclasts,	 but	 also	 apoptosis,	 proliferation,	 or	 migration.	 Genetic	
experiments	 to	 address	 this	 key	 question	 were	 not	 possible,	 since	 all	 mutant	
mice	 with	 disrupted	 osteoclasts	 have	 severely	 altered	 bone	 structures	 and/or	
additional	pathways	are	affected.	We	have	therefore	generated	RANKfloxed	mice	
as	a	tool	to	selectively	knock-out	RANK	 in	adult	osteoclasts.	One	prediction	 is	
that	the	role	of	RANKL	and	RANK	in	cancer	might	extend	beyond	their	function	
in	osteoclasts	and	cell	migration	to	growth	of	the	primary	cancer	(Jones	et	al.	
Nature,	 2006).	 Importantly,	 because	 of	 its	 role	 in	 both	 osteoclasts	 and	 tumor	
cells,	independently	confirmed	by	many	laboratories,	inhibition	of	RANKL-RANK	
interactions	 of fers	 a	 promising	 therapeutic	 target	 for	 interfering	 with	 tumor	
metastasis	in	bone.	Moreover,	our	newly	developed	RANKflox	mice	will	be	a	useful	
tool	to	further	address	the	role	of	the	RANKL-RANK	system	in	other	organs	such	
as	 the	 link	 between	 uV-induced	 immunosuppression	 in	 the	 skin	 (Loser	 et	 al.	
Nature	Med.	2007).
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LEONIE	RINGROSE
Epigenetic	Regulation	by	the	polycomb	
and	Trithorax	Group	proteins	
leonie.ringrose@imba.oeaw.ac.at

How do different cell types remember their identities over many cell generations? Part of 
the answer lies in the Polycomb and Trithorax groups of proteins. We aim to understand 
this epigenetic regulatory system on both the molecular and the genomic levels,  
in terms of the design, function and evolution of its components.

The	polycomb	(pcG)	and	Trithorax	 (TrxG)	groups	of	proteins	work	antagonisti-
cally	 on	 the	 same	 target	 genes,	 to	 maintain	 the	 repressed	 (pcG)	 or	 active	
(TrxG)	transcription	states	that	were	established	earlier	on	by	transiently	acting	
transcription	 factors.	 In	 f lies	 and	 vertebrates,	 the	 pcG	 and	 TrxG	 operate	 on	
several	 hundred	 developmentally	 important	 genes	 (figure	 1A),	 which	 they	
recognise	through	specialized	DNA	elements	called	pRE/TREs	(polycomb/Trithorax	
Response	elements,	figure	1B).	Our	main	aim	 is	 to	understand	the	 interaction	
between	 the	pcG	and	TrxG	proteins	and	pRE/TREs.	To	achieve	 this,	we	use	an	
interdisciplinary	combination	of	experimental	biology,	mathematical	modelling	
and	computational	prediction.	

1)	What	Makes	a	pRE/ TRE?
pRE/TREs	are	fascinating	pieces	of	DNA.	Within	only	a	few	hundred	base	pairs,	
they	 contain	 information	 that	 enables	 them	 to	 remember	 and	 maintain	 the	
active	or	silenced	transcriptional	state	of	their	associated	genes	over	many	cell	
generations.	until	recently,	a	central	and	long-standing	question	in	the	field	was:	
“Why	do	the	handful	of	known	Drosophila	pRE/TREs	have	no	apparent	sequence	
homology,	 although	 they	 all	 have	 similar	 properties	 in	 transgenic	 assays?”		
To	answer	 this	question,	we	designed	an	algorithm	that	detects	similarities	 in	
pRE/TREs	without	using	linear	alignment. using	this	algorithm	for	genome-wide	
pRE/TRE	prediction,	we	 identified	167	candidate	 sequences	 (figure	2A),	many	
of	 which	 are	 bound	 and	 regulated	 by	 the	 polycomb	 group	 of	 proteins	 in vivo	
(figure	 2B).	 This	 analysis	 demonstrates	 that	 functional	 pRE/TREs	 are	 complex	
combinatorial	 elements	 that	 can	 have	 many	 dif ferent	 designs,	 but	 we	 still	 do	
not	know	all	 the	rules.	We	now	aim	to	understand	the	design	and	function	of	
dif ferent	classes	of	pRE/TRE	element,	using	in vivo	assays	in	f lies.

In	a	complementary	project,	we	are	using	the	recently	released	genome	sequence	
and	annotation	for	several	other	Drosophila	species,	in	combination	with	in vivo	
experiments,	 to	 elucidate	 the	 principles	 governing	 the	 evolution	 of	 pREs.	 We	
find	that	pRE/TRE	evolution	is	extraordinarily	dynamic.	The	number,	position	and	
design	of	pRE/TREs	changes	rapidly	in	evolution	and	suggests	that	these	regulatory	
elements	may	provide	a	rich	source	of	potential	phenotypic	variation.

In	 contrast	 to	 Drosophila,	 it	 is	 still	 unclear	 what	 makes	 a	 vertebrate	 pRE/TRE,	
although	several	hundred	target	genes	of	the	pcG	have	been	identified.	We	are	

Leonie Ringrose / Group Leader

Adelheid Lempradl / Postdoc
Cornelia Gänger / PhD Student

Betül Hekimoglu / PhD Student
Annerose Kuras 1 / PhD Student
Birgit Druck / Diploma Student

Christina Altmutter / Technician
Yael Rotkopf Feinstein / Technician

Frank Ruge / Summer Student

1 until November



IMBA	REpORT	2006	|	17	

RESEARCh	GROupS

Figure 1: A. Giant chromosomes from Drosophila larvae were stained with an antibody against the Polycomb protein, showing about 100 binding sites.  
B. The Polycomb and Trithorax group proteins recognise their targets via DNA elements called PREs.

Figure 2: A. Map of predicted PRE/TREs in the Drosophila melanogaster genome (vertical black lines on chromosome arms) agrees well with cytologically mapped 
sites of PcG and TrxG binding (grey boxes below the arms). B, C. Transgenic analysis of PREs, showing typical variegation of reporter gene activity in the eye. 
B. previously characterised PRE/TRE (bxd). C newly predicted PRE/TRE (vg).

interested	 in	 understanding	 the	 DNA	 sequence	 requirements	 for	 	 vertebrate	
pRE/TREs.	To	this	end,	we	aim	to	establish	reporter	assays	in	mouse	cell	culture,	
to	dissect	the	function	of	candidate	mouse	pRE/TREs.	Bioinformatic	analysis	will	
be	used	to	unravel	the	underlying	features	of	vertebrate	pRE/TRE	design.

2)	how	do	Active	and	Silenced	States	Survive	Mitosis?
paradoxically,	 although	 the	 silenced	 and	 activated	 states	 perpetuated	 by	 the	
pcG	 and	 TrxG	 are	 stable	 over	 many	 cell	 generations,	 it	 is	 becoming	 clear	 that	
the	proteins	themselves	associate	with	their	targets	as	dynamic	complexes,	 in	
constant	f lux	between	bound	and	free	pools	(figure	1B).	We	recently	combined	
in vivo	assays	and	mathematical	modelling	to	show	that	the	polycomb	protein	
exchanges	dif ferently	on	individual	 loci	 in	Drosophila.	The	challenge	now	is	to	
obtain	 quantitative	 measurements	 of	 the	 kinetic	 processes	 involved,	 and	 to	
extend	these	observations	to	mitotically	dividing	cells.	We	aim	to	achieve	this	
by	studying	the	kinetic	behaviour	of	pcG/TrxG	proteins,	and	of	the	non-coding	
transcription	that	 is	associated	with	activation	of	target	genes,	during	the	cell	
cycle.	We	will	use	live	imaging	techniques	for	proteins	and	RNA	in	developing	
Drosophila	 embryos.	 This	 will	 be	 combined	 with	 mathematical	 modelling	 in	
order	 to	 integrate	 the	 results	 into	 a	 coherent	 quantitative	 model.	 In	 this	 way,	
we	hope	to	understand	how	a	system	in	constant	f lux	can	ensure	both	stability	
and	f lexibility.	

3)	how	do	pRE/ TREs	Change	their	States	upon	 	
Developmental	Transitions?
Mammalian	pcG	and	TrxG	proteins	are	intimately	involved	in	maintaining	stem	cell	
identity,	dif ferentiated	cell	identity	and	cell	proliferation.	Aberrant	expression	of	
these	proteins	is	associated	with	many	types	of	cancer.	We	wish	to	use	Chip	on	
chip	analysis	to	identify	changes	in	the	binding	profiles	of	mouse	pcG	and	TrxG	
proteins	upon	dif ferentiation	of	dif ferent	types	of	stem	cells	to	defined	lineages.	
In	parallel,	we	will	look	at	the	behaviour	of	the	pcG	and	TrxG	proteins	themselves	
upon	dif ferentiation,	in	terms	of	their	expression,	modifications	and	subcellular	
localisations.	The	 long-term	aim	will	be	 to	understand	how	the	pcG	and	TrxG	
change	their	interactions	with	pRE/TREs	upon	changes	in	cell	identity.
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VIC	SMALL
Mechanisms	underlying	Cell	Motility	
and	Guidance	
vic.small@imba.oeaw.ac.at

The migration of cells is essential to life, as a primary feature of developmental and 
repair processes. It also contributes to disease states, such as in the dissemination of 
malignant cells during metastasis. We address questions of how the process of cell 
motility is driven and controlled. 

Guiding	the	Way	with	Microtubules
One	 area	 of	 our	 research	 programme	 addresses	 the	 question	 of	 how	 a	 cell	
polarises	 to	 move	 in	 a	 given	 direction.	 We	 now	 know	 that	 cell	 motility	 relies	
on	the	dynamic	 formation	and	reorganisation	of	actin	 filaments	that	 form	the	
“actin	 cytoskeleton”.	 But	 in	 many	 cells,	 polarisation	 requires	 the	 “microtubule	
cytoskeleton”	and	our	 investigations	are	aimed	at	revealing	how	microtubules	
exert	 their	 inf luence	 on	 the	 turnover	 of	 the	 actin	 cytoskeleton	 to	 confer	 this	
polarisation.	The	dependence	on	microtubules	for	polarisation	generally	parallels	
the	 degree	 of	 anchorage	 of	 a	 cell	 with	 the	 substrate,	 namely	 with	 the	 extent	
of	formation	of	“focal	adhesions”.	Our	recent	work	on	fibroblasts	has	provided	
evidence	for	the	involvement	of	microtubules	in	focal	adhesion	turnover.	Thus,	
we	have	shown	that	the	growing	ends	of	microtubules	specifically	target	focal	
adhesions	and	that	multiple	targeting	events	lead	to	focal	adhesion	disassembly,	
or	 their	 release	 from	 the	 substrate.	 focal	 adhesion	 targeting	 by	 microtubules	
occurs	also	in	rapidly	moving	cells,	such	as	neutrophils,	suggesting	it	has	a	more	
general	role	in	cell	guidance.	

The	idea	that	interactions	of	microtubules	with	the	“cell	cortex”	are	involved	in	
morphogenetic	processes	has	been	substantiated	in	studies	of	diverse	biological	
systems,	 from	 yeast	 to	 eukaryotes.	 A	 striking	 development	 in	 the	 field	 is	 the	
realization	 that	 microtubules	 accumulate	 at	 their	 growing	 tips	 a	 complex	 of	
protein	components	that	appears	to	influence	microtubule	dynamics	and	mediate	
cortical	 interactions.	Our	current	studies	focus	on	characterizing	the	nature	of	
the	cross-talk	between	microtubules	and	 the	cell	 cortex	and	 the	mechanisms	
underlying	the	guidance	of	microtubules	into	cortical	adhesion	sites.	

pushing	forward
The	first	stage	of	cell	movement	involves	the	protrusion	of	a	thin	layer	of	cyto-
plasm,	termed	the	lamellipodium,	which	is	driven	by	the	polymerisation	of	actin.		
The	lamellipodium,	together	with	integrated	bundles,	called	filopodia,	serve,	in	
turn,	to	initiate	adhesion	with	the	substrate.	understanding	the	structural	basis	of	
motility	requires	knowledge	of	the	organisation	of	the	actin	networks	that	make	
up	 the	 protrusive	 lamellipodia	 of	 migrating	 cells.	 Divided	 opinions	 about	 the	
mode	of	generation	and	assembly	of	actin	filament	networks	in	lamellipodia	have	
however	arisen	through	discrepancies	in	results	obtained	by	different	preparative	
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Figure 1: Schematic illustration of a migrating cell, indicating the general organisation of the actin (red fibres) and microtubule (blue fibres) cytoskeletons.  
The actin cytoskeleton is indirectly coupled to the extra-cellular matrix through focal points of adhesion (green). Microtubules influence cell polarity  
by targeting adhesion sites to promote their turnover.

Figure 2:   Rapid turnover of actin at the cell front, as demonstrated using photoactivatable-GFP-actin (PA-GFP-actin). Overview (left) shows a confocal image of a 
B16 melanoma cell transfected with RFP-actin (red) and PA-GFP-actin. Insets at right show video frames after activation of PA-GFP-actin with laser light  
at 405nm, in a selected region of the lamellipodium at the cell front. The rapid loss of label indicates that a major depolymerisation of actin occurs 
towards the base of the lamellipodium.

Figure 3:  Border cell translocation is inhibited by the down regulation of known migration determinants by RNAi. Confocal images of Drosophila stage 10 egg 
chambers, stained for actin  (phalloidin, red) and showing CD8GFP fluorescence (green) in the border cells. Note defective migration of border cells in 
which taiman and domeless are down-regulated.

techniques	used	for	electron	microscopy.	To	help	resolve	current	controversies,	
we	have	initiated	the	application	of	cryo-electron	microscopy	for	investigations	
of	cytoskeleton	architecture.	In	parallel	studies,	we	are	developing	techniques	
for	the	correlation	of	the	motile	activity	of	the	living	cell,	in	the	light	microscope,	
with	the	ultrastructure	in	the	EM.	future	aims	include	the	characterization	of	actin	
reorganizations	leading	to	adhesion	formation	and	defining	the	organization	of	
actin	in	mimetic	models	of	actin	driven	motility.

Screening	for	Cell	Motility	Genes	in	Drosophila
fertilisation	in	the	Drosophila	oocyte	requires	the	migration	of	border	cells	through	
the	egg	chamber.	 In	collaboration	with	 the	Dickson	Lab,	we	have	 initiated	an	
RNAi	screen	for	genes	required	for	the	migration	process.	In	the	longer	term,	we	
aim	to	characterize	the	role	of	candidate	genes	in	the	motility	of	selected	tissue	
cells	involved	in	developmental	and	repair	processes	in	Drosophila.

Additional information may be obtained from our website: 

http://cellix.imba.oeaw.ac.at/Videotour/video_tour_1.html
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SCIENTIfIC	SERVICES

The services offered to the researchers at the IMP and IMBA by our department cover flow cytometry 
and cell sorting, a wide variety of microscopical techniques, image analysis and image processing 
as well as cDNA-micro-array production, hybridization and analysis.

Current	Research	Activities
During	the	past	year,	one	focus	of	our	department	was	the	implementation	of	multiplexed	
bead-assays	for	the	quantification	of	various	analytes	using	a	Bioplex	System.	Even	though	
a	wide	variety	of	kits	are	commercially	available,	standard	methods	for	the	generation	of	
bead	assays	for	more	“exotic”	analytes	have	been	established.

In	order	to	comply	with	increased	demand	by	our	users,	the	micro-array	service	now	provides	
complete	service	 including	amplification	and	 labeling,	hybridization,	 image	analysis	and	
simple	statistical	analysis.	Besides	the	convenience	for	the	users	the	main	reason	to	do	so	
is	to	increase	the	robustness,	significance	and	reproducibility	of	the	obtained	results.

To	achieve	these	goals,	we	have	established	standard	protocols	for	all	steps	involved	with	
a	strong	focus	on	quality	control	of	every	step	and	the	use	of	an	automated	hybridization	
station.	Optimization	of	these	procedures	also	allowed	a	reduction	in	overall	costs,	making	
it	possible	to	routinely	perform	at	least	three	technical	replicates	per	sample.	Comparative	
analyses	with	other	platforms	including	Affymetrix	revealed	a	very	high	correlation	of	the	
results	obtained

As	 the	 production	 of	 the	 cDNA-arrays	 has	 been	 optimized	 for	 semi-automated	 image	
analysis,	 this	step	can	now	also	be	performed	with	minimal	human	interaction.	The	data	
generated	by	the	image	analysis	is	then	fed	into	a	processing	pipeline	where	normalization	
and	initial	statistical	analysis	has	been	automated	using	modules	from	the	BioConductor	
package	 adapted	 to	 the	 experimental	 designs	 currently	 applied.	 In	 a	 collaboration	 with	
Arndt	 von	 haeseler	 (CIBIV,	 university	 of	 Vienna),	 more	 elaborate	 statistical	 tools	 will	 be	
implemented.

The	 supply	 of	 available	 cDNAs	 has	 also	 significantly	 increased	 by	 the	 acquisition	 and	
processing	of	100,000	mouse	cDNA	clones	of	high	quality	from	the	RIKEN	institute.	Currently,	
the	cDNAs	are	spotted	on	a	set	of	arrays,	which	will	be	the	basis	of	the	future	standard	set	
of	arrays.	Together	with	very	specialized	arrays	resulting	from	SSh-derived	cDNA-libraries,	
we	aim	to	cover	most	of	the	mouse	transcriptome	in	the	near	future.

BIOOpTICS	DEpARTMENT
peter.steinlein@imp.ac.at
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Petra Dorninger 2 / Diploma Student

1 until July,
2 February – July
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ELECTRON	MICROSCOpY
guenter.resch@imba.oeaw.ac.at

The Electron Microscopy Facility, established in the course of this year, offers a wide variety of 
preparation techniques for visualisation of tissues, cells and purified molecules by transmission 
electron microscopy, as well as support with microscopy and data management. In addition to the 
routine equipment up and running, preparations to set up a cryo-capable high-end microscope 
in 2007 are in progress.

Along	 with	 the	 move	 into	 the	 Academy	 Laboratory	 Building	 at	 the	 beginning	 of	 2006,		
the	 work	 to	 establish	 an	 Electron	 Microscopy	 facility	 at	 the	 IMp-IMBA	 Research	 Center	
entered	a	new	phase.

A	major	part	of	starting	up	the	facility	was	setting	up	and	testing	a	good	deal	of	specialised	
preparation	equipment,	including	ultramicrotomes,	high	vacuum	evaporators,	glow	discharge	
units,	a	freeze	substitution	device,	etc.	Routines	for	performing	diverse	preparation	techniques	
were	established,	including:	chemical	and	physical	fixation,	conventional	resin	embedding,	
freeze	 substitution,	 ultrathin	 sectioning,	 production	 of	 support	 films,	 negative	 staining,	
rotary	 shadowing	 of	 sprayed	 molecules,	 and	 others.	 Most	 of	 these	 approaches	 are	 now	
routinely	used	by	both	IMp	and	IMBA	researchers	as	well	as	within	external	collaborations.	
Depending	on	future	developments	and	the	focus	of	the	demand	from	the	institutes,	more	
preparation	procedures	will	be	made	available.	

With	the	long	awaited	installation	of	the	fEI	Morgagni	transmission	electron	microscope	in	
July,	the	major	equipment	for	service	purposes	was	completed.	This	robust	and	easy	to	use	
100	kV	instrument	 is	tailored	for	routine	needs	in	the	multiuser	environment	of	a	facility.	
for	suitable	documentation	of	large	fields	as	well	as	high	resolution	imaging,	it	is	equipped	
with	a	11	megapixel	CCD	camera.	Immediately	following	its	installation,	the	microscope	was	
heavily	booked,	ref lecting	a	local	demand	for	electron	microscopy	in	both	institutes.

To	support	users	with	data	management,	a	web-based	project-oriented	database	system	
named	MIMAS	was	established.	All	electron	micrographs	including	metadata	can	be	stored	
on	 and	 accessed	 from	 this	 database	 on	 a	 user	 restricted	 basis.	 It	 is	 now	 running	 in	 an	
early	version	and	continuously	being	developed	into	a	more	stable	and	versatile	platform,		
in	close	collaboration	with	users	to	meet	their	needs.	

In	parallel	with	 these	daily	activities,	 the	EM	Service	 is	overseeing	the	pre-installation	of	
the	 fEI	 Tf30	 polara.	 This	 300	 kV	 transmission	 electron	 microscope,	 equipped	 with	 the	
most	advanced	imaging	systems,	was	funded	by	a	Vienna	Spot	of	Excellence	grant	to	the	
Marlovits,	 peters,	 Small	 and	 EM	 Service	 groups.	 It	 is	 scheduled	 to	 be	 delivered	 to	 site	 at	
the	 end	 of	 2006	 and	 planned	 to	 commence	 operations	 in	 the	 course	 of	 2007.	 primarily,		
it	will	be	used	for	cryo-electron	microscopy	of	molecules	and	cells,	electron	tomography,	
as	well	as	analytical	applications.

Günter Resch / Head of Facility
 

Nicole Aichinger1 / Technical Assistant

 1until November 2006

Figure 1: Techniques applied in the Electron Microscopy Service, from top to bottom : Ultrathin section of high pressure frozen and freeze 
substituted kidney tissue, glycerol sprayed and rotary shadowed a-actinin molecules, mitotic HeLa cell after flat embedding and 
sectioning (micrograph by Peter Lénárt),  and negatively stained APC molecules.



24	|	IMBA	REpORT	2006

SCIENTIfIC	SERVICES

BIOINfORMATICS	SuppORT
alexander.schleiffer@imp.ac.at

The Bioinformatics Support unit is part of the Bioinformatics Research group of Frank Eisenhaber, 
and assists research groups in molecular biology-related fields, providing infrastructure, sequence-
analytic services, support and education in bioinformatics.

The	IMp-IMBA	Bioinformatics	support	unit	has	its	main	expertise	in	the	field	of	sequence-
analysis.	 Typical	 tasks	 include	 the	 functional	 and	 structural	 characterization	 of	 proteins	
and	genomic	regions,	using	methods	such	as	pattern	matching,	complexity	analysis	and	
homology	searches.	

Often	problems	arise	from	functional	genomics	or	high-throughput	biological	datasets,	for	
which	we	develop	computational	and	mathematical	solutions	able	to	cope	with	the	high	
load	and	memory	requirements.

Sof tware	and	Database	Development	
In	 order	 to	 ef ficiently	 handle	 recurring	 tasks,	 we	 also	 engage	 in	 custom	 software	 and	
database	 development.	 This	 year	 we	 have	 publicly	 released	 DOuTfinder,	 a	 sof tware	
tool	 dedicated	 to	 the	 improved	 identification	 of	 known	 domains	 in	 protein	 sequences.		
True	similarities	to	functionally	described	domains	can	easily	be	missed	if	they	are	reported	
as	false	negatives	below	recommended	significance	thresholds	(see	figure	1).	DOuTfinder	
is	used	to	suggest	biologically	meaningful	twilight	zone	domain	similarities	by	providing	
a	homology-backed	procedure	for	filtering	of	relevant	subthreshold	hits.

Training
The	 IMp	 ANNOTATOR	 is	 an	 in-house	 facility	 providing	 a	 user-friendly	 web	 inter face	 to	
integrate	 complex	 sequence-analytic	 tasks.	 We	 provide	 hands-on	 training	 courses	 on	
the	use	of	 the	ANNOTATOR	system,	where	participants	 learn	 the	basis	and	 limitations	of	
sequence	analysis.

Figure 1:  The tri-dimensional structure of a single CH domain (1H67) can serve as a model for understanding the organization of the N-terminal 
globular region in NuMA proteins. The similarity between the NuMA N-terminus and the CH domain is reported as a false negative and 
sub-significant hit in sequence similarity searches, but can be supported by DOUTfinder and structural similarities. 

Alexander Schleiffer / Head, Bioinformatics Support

Maria Novatchkova / Bioinformatics Support
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pROTEIN	ChEMISTRY	fACILITY	
karl.mechtler@imp.ac.at

The IMP-IMBA Protein Chemistry Facility performs a large variety of mass spectrometry experiments, 
including identification of proteins by peptide sequencing and characterization of post-translational 
modifications (PTMs), such as phosphorylation. In addition, we are developing new methods 
for the quantification of PTMs. Finally, our facility specializes in peptide synthesis and antibody 
purification.

Improvement	in	phosphorylation	Analysis	
protein	phosphorylation	is	the	most	important	reversible	post-translational	modification.	
Thus,	analysis	of	phosphorylated	proteins	and	identification	of	the	phosphorylation	sites	
help	us	to	understand	their	biological	functions.	

A. Analysis of protein complexes
We	have	developed	a	new	off line	chromatographic	approach	for	the	selective	enrichment	
of	phosphorylated	peptides	that	is	directly	compatible	with	subsequent	analysis	by	online	
nano	 electrospray	 ionization	 tandem	 mass	 spectrometry	 (ESI-MS/MS).	 here,	 a	 titanium	
dioxide-packed	 pipette	 tip	 is	 used	 as	 a	 phosphopeptide	 trap	 for	 of f line	 first	 dimension	
separation	step	in	a	two-dimensional	chromatography	system.	This	 is	followed	by	online	
nano	reversed-phase	high-performance	liquid	chromatography.

B. Enrichment of phosphopeptides from complex mixtures
Immobilized	Metal-ion	Affinity	Chromatography	(IMAC)	was	established	for	enrichment	of	
phosphopeptides	from	complex	mixtures.	This	technique,	which	is	based	on	the	affinity	of	
negatively-charged	phosphate	groups	for	positively-charged	metal	ions	(fe3+),	immobilized	
on	a	chromatographic	support.	

C. Application of Different Fragmentation Techniques for the Analysis of Phospho-
peptides using an Ion Trap - FTICR Mass Spectrometer
Electron	capture	dissociation	(ECD)	 is	a	complementary	technique	for	the	fragmentation	
of	peptides	and	proteins	in	mass	spectrometry	in	addition	to	the	commonly	used	collision-
ally	 activated	 dissociation	 (CAD).	 ECD	 has	 been	 shown	 to	 be	 applicable	 for	 the	 efficient	
sequencing	of	peptides	and	proteins,	and	has	been	proven	especially	valuable	for	mapping	
labile	pTMs,	such	as	phosphorylation	sites.

The Christian Doppler Laboratory for Proteome Analysis. Together	with	prof.	Gustav	
Ammerer	from	the	Max	f.	perutz	Laboratories	we	have	established	a	project	for	the	quanti-
tative	analysis	of	proteins	based	on	mass	spectrometry.	Our	goal	is	to	study	the	composition	
of	multi-protein	complexes	and	their	associated	partners.

Peptide Synthesis and Antibody Purification. We	synthesize	about	350	peptides	per	year,	
including	an	increasing	number	of	branched	peptides	containing	acetylated,	phosphorylated	
or	methylated	amino	acid	residues.	We	have	developed	procedures	for	affinity-purification	
of	antibodies,	including	optimised	elution	under	mild	conditions.

Karl Mechtler / Head of Facility

Goran Mitulovic / Postdoc
Karin Grosstessner-Hain / PhD Student
Nedim Mujezinovic / PhD Student
Otto Hudecz / Technician
Richard Imre / Technician
Gabriela Krssakova / Technician
Mathias Madalinski / Technician
Michael Mazanek / Technician
Michael Schutzbier / Technician
Ines Steinmacher / Technician
Christoph Stingl / Technician

Figure 1: ECD product ion spectrum for the 
fragmentation of a triply-charged peptide 
[M+3H]3+, at m/z = 625.2) reveals the 
positions of two phosphoserine residues.
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The Histology Service Department offers state-of-the art sectioning, histology and immuno-
histochemistry services to all IMBA and IMP scientists. In addition, we offer training and support 
for researchers in new technologies.

histology	Services
The	histology	services	include	the	embedding	of	tissues,	assistance	with	the	sectioning	of	
paraffin	and	cryo-preserved	tissues,	and	preparation	of	slides	for	standard	h&E	stains,	as	well	
as	specialized	stainings	such	as	pAS,	Alcian	blue,	Cab,	Gomeri,	MayGruenwald-Giemsa	and	
van	Kossa	stains	for	human,	mouse,	Xenopus	and	Drosophila	studies.	With	these	services,	
we	are	able	to	offer	support	to	get	quick	results.

Sectioning	of	paraf fin	and	frozen	Tissues
In	our	group	we	have	developed	a	high	throughput	method	to	cut	paraffin	and	frozen	tissues.	
using	this	method,	we	could	increase	the	quality	and	also	the	quantity	of	services.

Immunohistochemistry
The	 histology	 Service	 Department	 also	 provides	 automated	 preparation	 and	 processing	
facilities	for	standardized	immuno-histochemistry,	in	situ	hybridization,	fISh	analysis,	DNA	
microarray	and	tissues	microarray	applications.	Various	antibodies	have	been	characterized	
for	optimized	in	situ	signaling	studies.	Standard	antibodies	such	as	apc,	cd	(several	markers),	
I-ad,	gfp,	gfap,	c-fos,	c-jun,	junB,	fra1,2,	jun-D,	ki67,	smad3,	brdu,	egf,	egfr,	h3K9me	tri	meth,	
h4K20me3	tri	meth,	cl.	caspase3,	caspase7,	procatepsiK	are	available.	
In	addition,	the	histology	Service	Department	administrates	 legal	 regulatory	affairs	such	
as	the	record-keeping	and	documentation	of	experiments	in	accordance	with	the	Austrian	
histolaboratories	guidelines	(www.mta-labor.info).

2

hISTOLOGY	DEpARTMENT
vukoslav.komnenovic@imba.oeaw.ac.at

Figure 1: Trichrom blue staining. The picture shows 4 different signals, light blue for Lung fibrosis, red for Mast cells and Neutrophils,  
pink for Myeloiud cells and dark blue for the Nuclei.

Figure 2: Double Staining with Ki67 and von Willebrand Factor. Ki67 turnes out to be brown whereas vWF shows a red signal.  
The counter staining was done with Hematoxylin (blue).

1

Vukoslav Komnenovic / Head of Facility

Laura Göderle / Technician
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ANIMAL	hOuSE
andreas.bichl@imp.ac.at

MOuSE	SERVICE
christian.theussl@imp.ac.at

The Animal House group provides husbandry of animals and services for the various research 
groups at the IMP and IMBA.

husbandry
The	husbandry	is	divided	into	two	main	areas	containing	the	following	species:	mice	and	
Xenopus.	The	larger	area	is	the	mouse	section,	where	more	than	10,000	mice	are	kept.	These	
comprise	breeding	colonies,	stock,	and	experimental	animals	 including	many	transgenic	
and	knock-out	mouse	lines.	To	provide	a	constant	supply	of	mice	for	the	various	projects,	
20	standard	strains	are	routinely	bred	in-house.

Animal	house	Services
Veterinary services,	 such	 as	 monitoring	 of	 the	 facility ’s	 health-status	 (sentinel	 program	
etc.),	experimental	procedures	in	animals	such	as	the	collection	of	blood,	implantation	of	
tumor	cells	and	administration	of	substances	by	 iv,	 ip	or	sc	 injections.	All	procedures	are	
performed	to	a	high	standard	under	appropriate	anaesthetic	regimes	and	in	conjunction	
with	the	necessary	project	licenses.

Animal procurement,	such	as	the	ordering	of	mice	from	external	breeding	companies,	and	
the	organizing	and	handling	of	approximately	50	incoming	and	outgoing	mouse	shipments	
per	year.

Administration of regulatory affairs	 in	accordance	with	 the	Austrian	 laboratory	animal	 law,	
which	 include	 record-keeping	 and	 updating	 of	 laboratory	 animal	 statistics,	 and	 specific	
documentation	of	laboratory	animal	experiments.

The Mouse Service Department was set up at the beginning of 1998 to cope with the increasing 
demand for mouse studies and generation of transgenics. The Mouse Service Department services 
are shared by the IMP and IMBA.

The	main	duties	of	this	service	unit	are	the	injection	of	ES	cells	into	blastocysts	(also	tetra-
ploid)	and	of	DNA	into	the	pronucleus	of	fertilized	mouse	eggs.	This	service	also	provides	
for	the	transfer	of	‘clean’	embryos	into	our	Animal	house,	the	freezing	of	embryos	for	the	
preservation	of	specified	mouse	strains	and	the	teaching	of	basic	embryological	techniques	
to	the	IMp	and	IMBA	staff.	
About	50	dif ferent	ES	cell	clones	and	several	DNA	constructs	are	being	injected	per	year.	
The	 activities	 of	 this	 department	 are	 overseen	 by	 an	 Animal	 user	 Committee,	 which	
meets	bimonthly	to	set	priorities	and	to	coordinate	the	duties.	At	present,	it	is	chaired	by		
Erwin	f.	Wagner.

Animal House

Andreas Bichl / Head, Veterinarian
Erwin F. Wagner / Scientific Coordinator
Norma Howells / Consultant

Figure 1:  Injection of embryonic stem cells into 
mouse blastocyst.

Figure 2: Mouse blastocysts.

Mouse Service

Hans-Christian Theussl / Head of Facility
Jacek Wojciechowski / Technician 

2
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SERVICE	DEpARTMENT
gotthold.schaffner@imp.ac.at

The Service Department offers a variety of high-quality and rapid services to IMP and IMBA scientists. 
The majority of our effort involves DNA sequencing, fly food production and preparation of various 
media and solutions.

Our	 Media	 Kitchen	 and	 fly	 food	 staf f	 prepares	 substantial	 quantities	 of	 reagent	 quality		
solutions	 and	 media	 for	 cell	 culture,	 f lies	 (approximately	 1,200,000	 bottles	 and	 tubes		
per	year)	and	worms.	We	moved	this	year	to	the	new	IMBA	building,	where	we	have	more	
space	 to	 create	 better	 and	 convenient	 working	 conditions	 for	 preparing	 f ly	 food	 and	 all	
other	products.	
We	also	prepare	many	selected	reagents	such	as	DNA	molecular-weight	markers,	enzymes,	
a	variety	of	 transformation-competent	 E. coli	 strains,	and	we	maintain	a	 stock	of	cloning	
vectors,	sequencing	primers	and	other	cloning	reagents.

production	of	Antibodies
The	 production	 and	 isolation	 of	 many	 dif ferent	 monoclonal	 antibodies	 in	 hybridomas		
in	 collaboration	 with	 IMp	 group	 members,	 and	 organizing	 the	 antibody	 production	 in	
rabbits	with	an	outside	company	requires	a	portion	of	our	working	time.

Sequencing	and	DNA	Isolation
With	the	16-capillery	ABI	3100	Genetic	Analyzer,	and	in	particular,	with	the	48-capillary	ABI	
3730	 DNA	 Analyzer,	 we	 sequenced	 approximately	 38,000	 samples	 in	 the	 first	 10	 months	
of	this	year.	This	demand	increased	in	the	last	two	months	and	we	are	expecting	a	further	
increase	 in	 the	 future	not	only	due	 to	 the	 increased	number	of	new	customers,	but	also	
due	to	more	new		groups	at	IMBA	and	IMp.	
We	 are	 primarily	 using	 the	 3730	 DNA	 Analyzer	 because	 of	 its	 sensitivity	 and	 its	 lower		
running	costs.	The	average	read-length	 is	700-900	bases	 for	standard	DNA	samples	with	
both	 Genetic	 Analyzers	 equipped	 either	 with	 80-cm	 capillaries	 of	 ABI	 3100	 or	 50-cm		
capillaries	of	ABI	3730.	
A	problem	that	is	becoming	significant	is	that		DNA	sample	quality	and,	even	more	significantly,	
the	concentration	of	DNA	of	samples	corresponds	to	our	skills	in	an	inverse	relationship	and	
thus,	the	short	“return	time”	(preparing	the	sample	and	getting	results)	leads	additionally	
to	increased	trial-and-error	and	multiple-sample	sequencing.
We	are	still	using	the	same	easy	and	fast	clean-up	protocol	with	Sephadex	G50	superfine	
columns	 on	 a	 96-well	 microtiter	 plate	 format,	 and	 we	 could	 eliminate,	 in	 most	 cases,	
the	 so-called	 “dye-blobs”	 in	 the	 sequencing	 reaction	 samples	 by	 further	 optimizing	 the	
Sephadex	consistency	and	the	centrifugation	conditions.

Gotthold Schaffner / Scientist

Ivan Botto / Technician
Markus Hohl / Technician

Shahryar Tagybeeglu / Technician
Gabriele Botto / Technician Media Kitchen

Christa Detz-Jaderny / Technician Media Kitchen
Ulrike Windholz / Technician Media Kitchen

Franziska Stransky / Technician Fly Food Preparation
Anna Windholz / Technician Fly Food Preparation

Oliver Botto / Help Fly Food Preparation
Thomas Haydn / Help Fly Food Preparation
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Figure 1:  A sequencing run on an ABI 377 PRISM and number of reactions analyzed on ABI 377 (1999 - 2001), on ABI 3100 (since 2001)  
and on ABI 3730 (since June 2004) done with dye deoxy terminators (v3.0 since 2001) in the years 1999 to 2006 (scale 0 to 60’000). 
*calculated from January 2006 to October 2006 data
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SEMINAR	SpEAKERS

Seminar	Speakers	

JANuARY
11	|	01	|	06	 Andreas	hochwagen	(MIT,	Department	of	Biology)
19	|	01	|	06	 Mauro	Giacca	(ICGEB	Laboratories	Trieste,	Italy)
27	|	01	|	06	 Conly	Rieder	(Wadsworth	Center,	Cellular	Regulation,	

Albany,	New	York)

fEBRuARY
02	|	02	|	06	 henry	Roehl	(university	of	Sheffield)
09	|	02	|	06	 Silke	Sachse	(Institute	for	Biology	&	Neurobiology,	

free	university,	Berlin)
09	|	02	|	06	 Richard	Marais	(The	Institute	of	Cancer	Research,	

London)
10	|	02	|	06	 Yoichi	Shinkai		

(Institute	for	Virus	Research,	Kyoto	university)
16	|	02	|	06	 David	Van	Vactor	(Department	of	Cell	Biology,		

harvard	Medical	School,	Boston)
28	|	02	|	06	 Wolf-Dietrich	hardt	(ETh	zurich,	Institute	of		

Microbiology)

MARCh
01	|	03	|	06	 Andrea	Sinz	(university	of	Leipzig)
02	|	03	|	06	 Matthias	Wilmanns	(EMBL	hamburg)
03	|	03	|	06	 Morten	Lindow	(Bioinformatics	Centre,	university	of	

Copenhagen)
09	|	03	|	06	 Akira	Shinohara	(Institute	for	protein	Research,	Osaka	

university)
10	|	03	|	06	 Albert	heck	(Department	of	Biomolecular	Mass	

Spectrometry,	utrecht	university)
16	|	03	|	06	 Andrew	McMahon	(harvard	university)
21	|	03	|	06	 Dave	Jackson	(Cold	Spring	harbor	Laboratory)
28	|	03	|	06	 Jan	van	Deursen	(Mayo	Clinic	College	of	Medicine)
30	|	03	|	06	 Nenad	Ban	(Institute	of	Molecular	Biology	and		

Biophysics,	zürich)

ApRIL
06	|	04	|	06	 pitter	huesgen	(Department	of	physiology	and	plant	

Biochemistry,	university	of	Konstanz)
13	|	04	|	06	 Thomas	L.	Volkert	(Whitehead	Institute	for		

Biomedical	Research,	Cambridge,	uSA)
20	|	04	|	06	 Masaru	Okabe	(Genome	Information	Research		

Center,	Osaka	university)
27	|	04	|	06	 Joel	L.	Sussman	(Dept.	of	Structural	Biology,		

Weizmann	Institute	of	Science)

MAY
05	|	05	|	06	 Anuhar	Chaturvedi	(Department	of	hematology,	

hannover	Medical	School)
10	|	05	|	06	 Owen	Sansom	(Beatson	Institute	for	Cancer	Re-

search,	Glasgow)
11	|	05	|	06	 Claude	Desplan	(New	York	university,	Dept.	of		

Biology)

12	|	05	|	06	 James	Langridge	(Waters	Corporation,		
Manchester,	uK)

12	|	05	|	06	 Matthias	Wilm	(EMBL,	heidelberg)
18	|	05	|	06	 Juan	Valcarcel	(ICREA	&	Ctr	de	Regulacio	Genomica,	

Barcelona)
19	|	05	|	06	 harold	Varmus	(Memorial	Sloan-Kettering	Cancer	

Center,	New	York)
24	|	05	|	06	 Bill	hahn	(Dana	farber	Cancer	Institute)
29	|	05	|	06	 Montserrat	Corominas-Guiu	(Dept.	of	Genetics,	

university	of	Barcelona)

JuNE
01	|	06	|	06	 helen	Blau	(Baxter	Laboratory	in	Genetic		

pharmacology,	Stanford	university)
06	|	06	|	06	 Andrea	Vortkamp	(Centre	for	Medical		

Biotechnology,	university	Duisburg-Essen)
06	|	06	|	06	 Jean-pierre	David	(Rheumazentrum,	Berlin)
08	|	06	|	06	 fiona	Watt	(ICRf,	London)
14	|	06	|	06	 Jacques	Neefjes	(Division	of	Tumor	Biology,		

The	Netherlands	Cancer	Institute,	Amsterdam)
16	|	06	|	06	 Bernd	fritzsch	(Dept	of	Biomed	Sciences,	Creighton	

university,	Omaha)
21	|	06	|	06	 frank	uhlmann	(Chromosome	Segregation		

Laboratory,	Cancer	Research	uK,	London)
28	|	06	|	06	 Erik	Sahai	(Tumour	Cell	Biology	Laboratory,	Cancer	

Research	uK)
29	|	06	|	06	 James	zheng	(Dept.	of	Neuroscience	and	Cell	

Biology,	university	of	Medicine	and	Dentistry,	New	
Jersey)

JuLY
03	|	07	|	06	 Catherine	Dulac	(howard	hughes	Medical	Institute,	

harvard	university)
04	|	07	|	06	 Jody	haigh	(Department	for	Molecular	Biomedical	

Research,	Ghent	university)
06	|	07	|	06	 Alexander	Tarakhovsky	(Laboratory	of	Lymphocyte	

Signaling,	The	Rockefeller	university,	New	York)
13	|	07	|	06	 Li	huei	Tsai	(Department	of	Brain	and	Cognitive		

Sciences,	hhMI,	Massachusetts)
14	|	07	|	06	 Will	Wood	(Gulbenkian	Institute	and	Institute	of	

Molecular	Medicine,	Lisbon)
18	|	07	|	06	 Reinhold	G.	Erben	(university	of	Veterinary		

Medicine,	Vienna)
20	|	07	|	06	 ulrich	hartl	(Max	planck	Institute	for	Biochemistry,	

Department	of	Cellular	Biochemistry,	Martinsried)

AuGuST
01	|	08	|	06	 Goetz	Laible	(AgResearch,	hamilton,	New	zealand)
04	|	08	|	06	 Vigo	heissmeyer	(GSf-Institute	of	Molecular		

Immunology,	Munich)
17	|	08	|	06	 Norbert	perrimon	(Department	of	Genetics,	hhMI/

harvard	Medical	School,	Boston)
18	|	08	|	06	 Michel	pairet	(Boehringer	Ingelheim	Germany)
22	|	08	|	06	 Martin	Kupiec	(Dept.	of	Molecular	Micro	&	Biotech,	

Tel	Aviv	university)
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24	|	08	|	06	 paul	Klenerman	(Institute	for	Emergent	Infections	of	
humans,	university	of	Oxford)

31	|	08	|	06	 Eckhard	Mandelkow	(Max-planck-unit	for	Structural	
Molecular	Biology,	hamburg)

SEpTEMBER
12	|	09	|	06	 David	Drubin	(university	of	California,	Berkeley)
15	|	09	|	06	 Thomas	Steitz	(howard	hughes	Medical	Institute,	

Yale	university)
15	|	09	|	06	 Alex	Bird	(Max-planck	Institute	of	Molecular		

Cell	Biology	and	Genetics)
18	|	09	|	06	 Michaela	Kress	(Department	of	physiology	and	

Medical	physics,	Innsbruck	Medical	university)
19	|	09	|	06	 Thomas	Winkler	(fiebiger	Center	for		

Molecular	Medicine,	Erlangen)
19	|	09	|	06	 Ed	Sturrock	(university	of	Cape	Town)
19	|	09	|	06	 Rosemary	J.	Akhurst	(Cancer	Research	Institute,	

university	of	California	at	San	francisco)
21	|	09	|	06	 Gerhard	Christofori	(Institute	of	Biochemistry	and	

Genetics,	university	of	Basel)	

OCTOBER
03	|	10	|	06	 Ada	Yonath	(Weizmann	Institute	Rehovot,	Israel)
11	|	10	|	06	 Mark	S.	Anderson	(uCSf	Diabetes	Center,		

San	francisco)
12	|	10	|	06	 Winship	herr	(Center	for	Integrative	Genomics,	

university	of	Lausanne)
16	|	10	|	06	 Yosef	Rafaeli	(National	Jewish	Medical	and		

Research	Center,	Denver)
18	|	10	|	06	 Michael	Ehrmann	(zMB	uni,	Duisburg-Essen)
25	|	10	|	06	 pamela	J.	Green	(Delaware	Biotechnology		

Institute,	Newark)

NOVEMBER
06	|	11	|	06	 Min	zhao	(university	of	Aberdeen,	Institute	of		

Medical	Sciences)
09	|	11	|	06	 David	holden	(Centre	for	Molecular	Microbiology	

and	Infection,	Imperial	College,	London)
14	|	11	|	06	 Witold	filipowicz	(friedrich	Miescher	Institute	for	

Biomedical	Research,	Basel)
16	|	11	|	06	 Albert	Osterhaus	(Institute	of	Virology,		

Erasmus	MC,	Rotterdam)
23	|	11	|	06	 Bettina	Warscheid	(Medical	proteome-Center,		

Ruhr-university	Bochum)
23	|	11	|	06	 frank	Grosveld	(Erasmus	university	Medical	Center,	

faculty	of	Medicine	and	health	Sciences,	Rotterdam)
24	|	11	|	06	 Thorsten	hoppe	(zMNh,	university	of	hamburg)
27	|	11	|	06	 Andreas	Trumpp	(ISREC,	Lausanne)
28	|	11	|	06	 Katsuhiko	Shirahige	(Tokyo	Institute	of	Technology)
28	|	11	|	06	 peter	Lobie	(Liggins	Institute,	Auckland)

DECEMBER
04	|	12	|	06	 Jürgen	Ruland	(Technical	university,	Munich)
05	|	12	|	06	 Gregory	Jefferis	(Dept.	of	zoology,	university	of	

Cambridge)
07	|	12	|	06	 Oleg	Glebov	(MRC	Laboratory	of	Molecular	Biology,	

Cambridge)
14	|	12	|	06	 holger	Stark	(MpI	for	Biophysical	Chemistry,		

Goettingen)
14	|	12	|	06	 Stefan	Kaufmann	(Max	planck	Institute	for	Infection	

Biology,	Berlin)
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Spotlight	on	2006
IMp	IMBA	Recess
Every	year,	 IMBA	scientists	meet	with	members	of	 the	Scientific	Advisory	Board	to	present	 their	work,	discuss	 their	 research	
and	look	for	advice	and	feedback	from	their	peers.	Three	days	in	October	are	devoted	to	this	strictly	internal	event.	It	is	a	time	
of	extensive	preparations	and	heightened	activity.	This	year’s	Recess	took	place	from	October	4-6	at	the	premises	of	IMBA	and	
IMp,	 taking	 advantage	 of	 IMBA’s	 impressive	 winter	 garden	 for	 poster	 exhibitions	 and	 coffee	 breaks.	 The	 SAB	 members	 were	
unanimously	impressed	by	the	scientific	performance	and	high	standards	of	the	research	presented.

Symposium	“Timing	Age”
As	in	previous	years,	phD	students	of	IMBA,	together	with	students	of	the	Vienna	Biocenter,	organized	a	scientific	symposium	
in	fall.	The	meeting,	which	took	place	on	November	2	and	3,	was	devoted	to	“aging”.	World	class	specialists	explored	the	topic	
from	various	angles.	Their	contributions	covered	such	diverse	fields	as	cellular	and	molecular	aging,	systems	biology,	diseases	
and	therapies,	as	well	as	the	use	of	model	organisms	in	the	study	of	aging.	The	last	sessions	on	both	days	focused	on	ethical	
implications	of	aging	research,	giving	rise	to	interesting	and	lively	discussions.	The	meeting	was	a	big	success,	with	close	to	
200	participants	attending,	many	of	them	from	abroad.	This	series	will	be	continued	in	2007	with	a	symposium	on	“Molecular	
psychology”.

phD	Student	and	postdoc	Retreat	
Two	 new	 initiatives	 were	 started	 in	 the	 summer	 of	 2006.	 The	 phD	 Students	 of	 the	 Vienna	 Biocenter	 organized	 a	 retreat	 in	
Litschau	 (Lower	 Austria)	 and	 the	 postdoctoral	 fellows	 met	 at	 the	 Augustinian	 Abbey	 of	 Brno	 (Czech	 Republic).	 Both	 events	
lasted	for	two	days	and	were	highly	interactive,	with	presentations	and	poster	sessions	as	well	as	a	healthy	dose	of	sports	and	
fun.	Invited	guest	speakers	added	an	extra	dimension	to	the	meetings.	Both	initiatives	were	received	with	enthusiasm	by	the	
participants	and	will	now	become	regular	annual	events.

MicroSymposium	on	Small	RNAs
On	May	29	and	30,	IMBA	hosted	the	“Microsymposium	on	Small	RNAs”,	organised	by	IMBA	Group	Leader	Javier	Martinez.	The	
aim	of	 the	meeting	was	 to	 link	 the	key	European	 investigators	working	 in	 the	 field	of	RNA	silencing.	Keynote	speaker	Steve	
Cohen	from	the	EMBL	gave	a	comprehensive	lecture,	describing	how	microRNAs	regulate	genome	expression.	A	series	of	short	
talks	followed,	addressing	the	molecular	mechanisms	driving	RNA	silencing,	function	of	small	RNAs	in	viruses,	plants,	C. elegans,	
zebrafish	and	humans,	closed	by	lectures	on	new	developments	in	the	field	of	bioinformatics	regarding	the	prediction	of	small	
RNAs	and	their	targets	in	the	genome.	The	meeting	was	very	successful	and	will	be	made	into	an	annual	event	at	IMBA.	

Opening	of	the	“Life	Sciences	Center	Vienna”
On	May	23,	IMBA’s	brand	new	home,	the	“Life	Sciences	Center	Vienna”,	was	opened	with	due	ceremony.	The	impressive	building	
of	the	Austrian	Academy	of	Sciences	also	accommodates	the	Gregor	Mendel	Institute	(GMI)	and	the	Vienna	Open	Lab,	a	hands-on	
laboratory	for	the	public.	The	day	started	out	with	a	press	conference,	followed	by	extensive	filming	of	the	labs	and	interviews	
for	 the	 media.	 In	 the	 evening,	 the	 building	 was	 transformed	 by	 the	 work	 of	 light	 artists	 and	 took	 on	 a	 festive	 appearance.	
hundreds	 of	 invited	 guests	 spilled	 into	 the	 lecture	 hall	 to	 witness	 the	 official	 opening	 ceremony.	 Among	 the	 speakers	 was	
Austrian	federal	Chancellor	Wolfgang	Schüssel,	who	expressed	his	best	wishes	for	the	future	of	IMBA.	
After	 the	 speeches,	 the	 guests	 were	 taken	 on	 guided	 tours	 of	 the	 new	 research	 building	 before	 joining	 the	 employees	 for		
a	big	party	which	lasted	well	into	the	next	morning.
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Administration	and	Other	Services

Management
 Josef PENNINGER Managing Director/Science
 Jürgen KNOBLICH Deputy Director/Science
 Michael KREBS Director/Finance and  
  Administration

Management	Assistance
 Ursula KOSIR Executive Assistant 

Administrative	Assistance
 Denise KLOSS Assistant to the Admin. Director 

fly	Library
 Marlene BRANDSTETTER Technical Assistant
 Yasmin GRAVOGL Technical Assistant 
 Katharina JANDRASITS Technical Assistant
 Amanda KASPER Technical Assistant 
 Martin KINBERG Technical Assistant
 Reinhard KLUG Technical Assistant
 Gabriele KÜNZL Technical Assistant
 Sarra OVUIKE Technical Assistant
 Sabina SANEGRE SANS Technical Assistant
 Judith SCHLUDER Technical Assistant
 Thomas MICHELER  Software Developer

fly	house
 Susanne Maria GRUBER-PAIER Technical Assistant
 Gerald HAAS Technical Assistant
 Sophia MILLONIGG Technical Assistant
 Klaus NEUMÜLLER Technical Assistant
 Claudia STANZEL Technical Assistant
 Stefanie WCULEK Technical Assistant
 Cuiping XIA Technical Assistant

IT	Service	Department
 Werner KUBINA Head of IT-Service Dept.
 Andreas RIEPL Deputy/IT-Service Dept.
 Herlind WURTH IT System Manager 
 Christian BRANDSTÄTTER IT System Manager

Accounting/Controlling
 Brigitte WEISER Head of Accounting/Controlling
 Renate ZETL Accounting Clerk
 Anita SOMMER Accounting Clerk
 Hanna VOGL Accounting Clerk

Graphics	Department
 Johannes TKADLETZ Graphics Service
 Tibor KULSCAR Graphics Service

Grants	Management
 Tanja WINKLER Grants Manager

personnel	Department
 Werner LEITNER Head of Personnel Department
 Sabine SVOBODA Personnel Clerk 
 Bettina ERLACH Personnel Clerk 

Reception
 Christian LAUFER Receptionist 
 Christine SCALISI Receptionist 
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Library
 Susanne VRBA  Chief Librarian 

public	Relations
 Heidemarie HURTL Public Relations Officer 
 Evelyn MISSBACH Public Relations Officer 

purchasing	Department
 Friedrich KUNTNER Head of Purchasing Dept.
 Angela GANGLBERGER Deputy/Purchasing Dept.
 Kashinath MITRA Store Manager
 Brigitte LENZ Purchasing Clerk
 Nikolaus KUNTNER Purchasing Clerk 
 Thomas PFANHAUSER Purchasing Clerk 
 Eva SCHARNER-KÖCK Purchasing Clerk

Technical	Department
 Alexander CHLUP Head of Technical Dept.
 Martin COLOMBINI Mechanical Workshop
 Nadir AYKUT House Maintenance
 Christian DAVID House Maintenance
 Gerhard MÜLLER House Maintenance
 Wolfgang RACHOLZ House Maintenance
 Martin ROJDL House Maintenance
 Stefan TRINKER-GRONAU House Maintenance
 Vladimir KOLCAR Technical Maintenance
 David KUMMERER Technical Maintenance

Media	Kitchen
 Gabriele BOTTO Laboratory Technician
 Ulrike WINDHOLZ Laboratory Technician
 Christa DETZ-JADERNY Laboratory Technician 

Washing	Kitchen
 Sultan CAN Laboratory Technician
 Nuray KILIC Laboratory Technician
 Erika KLEIN Laboratory Technician
 Bettina SOMMER Laboratory Technician
 Renate STIX Laboratory Technician
 Renate WÖHRER Laboratory Technician

Cafeteria
 Michael ENZBERGER Chef de Cuisine
 Taoufik BAHMOU Chef
 Markus GIGLER Chef
 Helga MEHOFER Buffet
 Sabine SMALCL Buffet 
 Farzana UDDIN Buffet 
 Güler CICOS Kitchen Helper 
 Selma YILDIRIM Kitchen Helper 
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SCIENTIfIC	ADVISORY	BOARD

pROf.	GREGORY	A.	pETSKO

Brandeis University, USA

In	 order	 to	 maintain	 the	 highest	 standard	 of	 research,	 IMBA,	 together	 with	 the	
IMp,	 has	 installed	 a	 process	 of	 review	 and	 feedback :	 the	 Scientif ic	 Advisor y		
Board	(SAB),	consisting	of	internationally	recognized	scientists.	The	Board	meets	yearly	
at	 IMBA,	 and,	 together	 with	 IMBA	 researchers,	 discusses	 the	 quality,	 significance,	
and	main	focus	of	research	conducted	at	IMBA.

Scientific	Advisory	Board

pROf.	fREDERICK	W.	ALT

Harvard Medical School, 
Boston, USA (Chair SAB IMP) 

pROf.	CORNELIA	BARGMANN

Rockefeller University, New York, USA

pROf.	T YLER	JACKS

MIT Department of 
Biology, Cambridge, USA

pROf.	RuDOLf	JAENISCh

The Whitehead Institute, 
Cambridge, USA

pROf.	TITIA	DE	LANGE

Rockefeller University, 
New York, USA

pROf.	STEVE	MCKNIGhT

Southwestern Medical Center, 
Dallas, USA

pROf.	ERIC	R.	KANDEL

Columbia University, New York, USA 
(Chair SAB IMBA)

pROf.	KENNETh	ChIEN

Cardiovascular Research 
Center, Massachusetts, USA 

pROf.	RONALD	pLASTERK

Institute for Developmental 
Biology, Utrecht, NL 
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SupERVISORY	BOARD

pROf.	MIChAEL	LANG

Department of Austrian and 
International Tax Law, Vienna 

University of Economics 
and Business Administration, Austria

MAG.	CORINNA	fEhR

Siemens AG, Austria 

pROf.	GEORG	WICK

Division of Experimental 
Pathophysiology & 

Immunology, Dept. 
Biocenter, Innsbruck 

Medical University, Austria 

Supervisory	Board

The	Supervisory	Board	of	IMBA	serves	as	advisor	to	and	monitors	the	actions	of	the	
management	team	on	a	regular	basis.	It	consists	of	persons	with	a	strong	background	
in	academic	science	and	medicine,	 legal	and	tax	affairs,	auditing	and	other	areas	
of	business	administration.

pROf.	pETER	SChuSTER

Chairman, Institute for Theoretical 
Chemistry and Structural Biology, 

University of Vienna, Austria
(Chair until October 2006)  

pROf.	ERICh	STREISSLER

Department of Economics, 
University of Vienna, Austria
(Chair since October 2006) 

pROf.	JOSEf	AIChER

Deputy Chairman, Institut für 
Handels- und Wirtschaftsrecht, 

University of Vienna, Austria
(Deputy Chairman)  

pROf.	OSKAR	GRüN

Institute of Supply Management, 
Vienna University of Economics and 

Business Administration, Austria 

MAG.	GOT TfRIED	SChELLMANN

Partner of KPMG Niederösterreich GmbH, Austria 

pROf.	JOSEf	SMOLEN

Department of Rheumatology, 
Internal Medicine III, 

University of Vienna, Austria 
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