
CYTOO Application Note 003  

Examples of innovative imaging 
techniques carried out on 
micropatterned cells
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•	 Exquisite	control	of	cell	morphology	offers	reproducible	steady	state	cell	architecture	
for	high	end	microscopy	analysis

•	 The	CYTOOchip	 format	 shows	excellent	 compatibility	with	Super	Resolution	Micros-
copy	such	as	TIRF,	SR-SIM	and	SEM

 Method

15,000	MEF	cells	were	seeded	onto	2x2	cm2	CYTOOchips	with	large	L-,	crossbow,	circles,	H-	and	Y-	mi-
cropatterns	coated	with	fibronectin	in	6-well	plates.	After	1	hour,	cells	were	washed	and	left	to	spread	
for	3	additional	hours	in	the	incubator.
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 Background

Micropatterning	techniques	overcome	the	artefactual	uncontrolled	culture	conditions	of	classical	Petri	
dishes	by	mimicking	the	mechanical	constraints	which	cells	can	sense	and	adapt	to	when	in	their	natural	
microenvironment.	Micropatterning	is	getting	widely	used	to	decipher	the	mechanisms	of	cytoskeleton	
control	over	cell	shape	to	adapt	to	external	cues	and	engage	signaling	pathways	regulating	important	
biological	functions	such	as	endomembrane	remodelling,	trafficking,	positioning	of	organelles,	division	
as	well	as	gene	expression.

We describe three innovative imaging techniques to visualize and analyze fixed cells on 
micropatterns, which enable fine analysis and full exploitation of the 2D+ Technology 
potential. Compatibility across platforms and cell normalization open new possibilities 
in combining approaches for correlative microscopy analysis.

http://www.cytoo.com/CYTOO-2D-PLUS-solutions.php


Figure	3:	SEM	imaging	of	MEF	cells	plated	on	L-	and	crossbow-shaped	micropatterns.	(A)	Image	of	the	plasma	membrane	
and	actin	cytoskeleton	of	a	cell	plated	on	L-shaped	patterns.	(B)	Crossbow-patterns	allow	analysis	of	3D-structures	of	
the	membrane	on	polarized	cells.	
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	SEM (Scanning Electron Microscopy) imaging
For	scanning	electron	microscopy,	cells	were	fixed	with	PBS	containing	3.7%	formaldehyde	 for	30	
minutes	at	room	temperature.	They	were	then	dehydrated	by	successive	5	minute	incubations	in	ethanol	
(50%,	70%,	90%	and	twice	in	100%).	CYTOOchips	were	then	dried	under	nitrogen	flow.	Imaging	was	
realized	by	field	emission	scanning	electron	microscopy,	using	the	SIGMA	VP	from	Zeiss.	This	machine	
is	particularly	suited	 for	non-conductive	samples	and	no	metallization	of	 the	specimen	 is	 required.	
Imaging	 is	 done	 at	 low	 voltage	 and	 low	 pressure.	This	 technique	 allows	 to	 image	 nanostructures	
without	having	to	apply	specific	protocoles	to	treat	the	specimen	beforehand,	making	the	analysis	
more	straightforward	and	accessible	to	any	laboratory.

Figure	1:	TIRF	imaging	of	MEF	cells	plated	on	L-shaped	micropatterns.	(A)	The	F-actin	fibers	close	to	the	coverslip	are	
visualized	with	phalloidin	(green).	(B)	The	tubulin	cytoskeleton	was	stained	with	anti-a tubulin	antibody	(red).

 TIRF (Total Internal Reflection Fluorescence) imaging
Cells	were	fixed	and	permeabized	in	PBS	containg	3.7%	formaldehyde	and	0.05%	Triton-X-100	for	
30	minutes	at	room	temperature.	After	saturation	with	1%	BSA,	cells	were	stained	with	Alexa	Fluor	
488-conjugated	phalloidin	and	anti-a tubulin	antibody	(Sigma	Aldrich,	clone	B-5-1-2)	as	a	primary	an-
tibody	and	Alexa	Fluor	594		goat	anti-mouse	secondary	antibody	(Invitrogen).	Cells	were	then	mounted	
with	Moviol.	Imaging	was	realized	on	the	Axio	Observer	(Zeiss)	equipped	with	the	iLas2	module	from	
Roper	scientific	using	a	63	x	TIRF	objective.	The	iLas2	module	allows	to	do	TIRF	imaging	by	modifying	
the	position	and	focalization	of	the	laser	light	in	real	time.	Importantly,	it	offers	the	possibility	to	image	
simultaneously	several	wavelengths	with	penetration	depth	adaptation.	TIRF	is	an	ideal	technique	to	
observe	cell	surfaces	close	to	the	coverslip	surface,	as	it	provides	a	high	axial	resolution	(from	100	to	
600	nm,	depending	on	the	angle	of	incidence	of	the	laser	beam).	Here,	we	applied	it	to	the	observation	
of	surfaces	separated	from	the	coverslip	by	the	depth	of	the	fibronectin	coating	of	the	pattern.		Results	
clearly	demonstrate	that	imaging	of	events	close	to	the	fibronectin	adhesion	island	can	be	observed	
even	when	samples	are	mounted	in	Moviol,	whose	diffraction	index	is	usually	reported	to	be	incompa-
tible	with	TIRF.	

	SR-SIM (Super Resolution- Structured Illumination Microscopy) imaging 
Cells	were	fixed	and	permeabilized	as	described	previously.	Staining	of	the	EEA1	positive	early	endosome	
compartment	was	done	with	an	anti-EEA1	(Early	Endosomal	Antigen	1)	antibody	(Enzo	Life	Sciences)	
as	a	primary	antibody	and	Alexa	Fluor	555	goat	anti-rabbit	secondary	antibody	(Invitrogen).	Cells	were	
then	mounted	with	Moviol.	Imaging	was	realized	on	the	Axio	Observer	equipped	with	the	ELYRA	PS-1	
module	from	Zeiss	using	a	63x	objective.	SIM	takes	images	through	a	grid	that	can	rotate	to	different	
positions	(3	in	this	case)	to	generate	a	moire	effect	by	superposition	of	different	areas	in	the	reciprocal	
space.	Computational	reconstruction	of	the	Fourier	transformed	images	(with	the	Zen	software,	Zeiss)	
yields	a	super	resolution	image	clearly	highlighting	the	individual	endosomes	along	the	tubulin	fibers.

Figure	2:	SR-SIM	imaging	of	MEF	cells	plated	on	crossbow-shaped	micropatterns.	(A)	The	actin	is	visualized	with	phalloi-
din	(green).	(B)	The	tubulin	cytoskeleton	was	stained	with	anti-a tubulin	antibody	(red).	Early	endosomes	were	stained	
with	an	anti	EEA1	antibody	(red	vesicles).	
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 Application examples
As	 a	 proof	 of	 principle,	 we	 have	 applied	 high	 end	 innovative	 imaging	 techniques	 to	 analyze	 the	
actin	and	tubulin	cytoskeleton,	whose	structure	is	normalized	when	cells	are	cultured	on	fibronectin	
micropatterns.	MEF	cells	plated	onto	L-micropatterns	were	used	to	study	contractile	structures	of	the	
cytoskeleton.	Figure	1A	shows	F-actin	radiating	from	the	non-adhesive	center	of	the	cell	towards	the	
focal	adhesions	on	the	fibronectin-coated	sides	of	the	L-pattern.	TIRF	allows	clear	observation	of	the	
membrane	area	immediately	adjacent	to	the	coverslip	and	demonstrates	that	these	fibers	are	bound	
together	through	actin	knots	to	support	the	strength	generated	by	the	adhesion	to	the	fibronectin	on	
the	sides	(Figure	1A,	zoom).	The	actin	bundles	along	the	hypothenuse,	where	strong	tension	is	required	
for	the	cell	to	hold	its	triangular	shape,	cannot	be	seen	as	they	are	too	far	from	the	coverslip	surface.	

When	SEM	is	used,	the	lifting	of	the	cell	on	the	hypothenuse	is	clearly	visible	(Figure	3A).	Interestingly,	
strong	actin	bundles	can	also	be	observed	by	this	technique	which	reveals	the	presence	of	a	‘meshwork’	
of	cables	beneath	the	membrane	that	hold	the	longitudinal	bundels	together	(Figure	3A,	zoom).	The	
structure	of	single	strong	filopodia	can	also	be	imaged	at	the	edges	of	the	L	pattern	(Figure	3A,	zoom).		

Crossbow	fibronectin	micropatterns	induce	cells	to	polarize,	displaying	the	morphology	of	a	migrating	
cell.	Cells	display	a	fan	shape	where	F-actin	develops	in	the	center	towards	the	semi-circular	shaped	
extremity	where	a	branched	actin	meshwork	typical	of	lamellipodia	is	observed	(Figure	2A).		SR-SIM	
resolution	makes	it	possible	to	clearly	observe	the	arrangement	of	single	F-actin	fibers,	gives	access	to	
the	structure	of	the	zone	where	F-actin	encounters	the	meshwork	as	well	as	the	arrangement	of	the	
meshwork	itself	(Figure	2A	zoom).	Figure	2B	shows	a	clear	picture	of	the	microtubule	network,	where	
each	 tubule	 can	 be	 individualized,	 associated	 with	 a	 string	 of	 early	 endosome	 vesicles	 (Figure	 2B,	
zoom).	SEM	applied	to	cells	on	crossbow	micropatterns	also	reveals	the	3D-membrane	structure	on	the	
back	of	the	cell	where	endocytosis/pinocytosis	pits	are	visible	(Figure	3B).	At	the	front	of	the	cell	which	
corresponds	to	the	zone	of	dynamic	actin	meshwork,	elevation	of	the	membrane	typical	of	functional	
lamellipodia	is	easily	detected	(Figure	3B,	zoom).	

	Conclusion
We	demonstrate	new	procedures	that	maximize	the	benefits	of	CYTOO’s	2D+	technology,	by	combining	
normalized	 cells	 with	 innovative	 imaging	 techniques.	 The	 approaches	 enable	 detailed	 analysis	 in	
reproducible	conditions	of	cell	morphology,	and	open	new	perspectives	for	future	assays,	for	instance	in	
imaging	secretion	processes,	interaction	of	cell	membrane	with	matrix	components,	or	actin	filaments	
behavior.	We	thank	MiFobio	2012	and	CNRS	for	initiating	such	collaborative	and	innovative	work.
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Innovative	imaging	techniques	can	be	carried	out	on	all	standard	patterns	(crossbow,	disc,	H,	Y,	L)	as	well	as	on	custom-designed	micropatterns	
on	CYTOOchips.	Please	visit	www.cytoo.com	to	see	available	products.
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