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Why	fluorescently	label	biomolecules?	

•  Specificity	and	SensiIvity.	

ChromaIn	(blue),	MitoIc	
spindle	(red),	Kinetochore	
(green).	
Image	by	Jane	Stout,	Indiana	University	

•  Ease	of	mulIplexing.	

Breast	cancer	secIon.	
DAPI	(Blue)	
CytokeraIn	8/18	
(Green)	
VimenIn	(Yellow)	
ER	(Red)	

Robertson	et	al.,	BMC	Cell	Biology,	2008	
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•  LocalisaIon	and	interacIon	

Lab	of	Ben	Prosser,	University	of	Pennsylvania	
(h6p://hos:ng.med.upenn.edu/prosserlab/)	
Robison,	P.,	Science.	2016	

Microtubule	labelling	
with	EMTB-3xGFP	in	
contracted	heart	
muscle	myocyte	

How?		
-	Immunofluorescence	(IF)	

•  Immunohistochemistry	(;ssues)	and	immunocytochemistry	(cultured	cells).	

•  Requires	anIbody	directed	against	your	protein	of	interest	–	monoclonal	or	polyclonal.	

•  FixaIon	method	important	determinant	of	anIbody	recogniIon.	

•  PermeabilisaIon	necessary	if	target	protein	is	intracellular.	

Y	Direct	 Y	 Y	

Y	 Indirect	

•  Signal	amplificaIon.	
•  Colour	flexibility.	
•  More	anIbodies	=	more	controls.	

•  More	certainty	of	specificity.	
•  Quicker	staining.	
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Protein	of	interest	
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No	An;body…Use	an	Epitope	Tag	

What	if	you	don’t	have	an	anIbody	directed	against	
your	protein	of	interest	that	works	well	for	IF	
staining?	

One	soluIon	is	to	express	your	protein	fused	to	a	
short	epitope	tag	for	which	high	affinity	anIbodies	
are	commercially	available.	

•  Examples	of	epitope	tags	include:	
	
-  Flag-tag	(sequence	-	DYKDDDDK):	The	first	epitope	tag	to	be	published	and	therefore	patented	by	

Sigma-Aldrich.	A	designed	pepIde.	

-  HA-tag	(sequence	-	YPYDVPDYA):	Fragment	108-106	of	human	influenza	hemaggluInin,	which	is	
the	anIgenic	glycoprotein	responsible	for	the	binding	of	flu	virus	to	the	surface	of	cells.	

-  V5-tag	(sequence	–	GKPIPNPLLGLDST):	Derived	from	a	small	epitope	(Pk)	present	on	the	P	and	V	
proteins	of	simian	virus	5	(SV5).		

-  Myc-tag	(sequence	-	EQKLISEEDL):	Fragment	of	the	myc	transcripIon	factor	and	proto-oncogene.		

9	

Labelling	Without	An;bodies	

Davis	and	Chin,	Nature	Reviews	Molecular	Cell	Biology,	2012	

GeneIc	fusion	with	
fluorescent	protein	

GeneIc	encoded		
non-fluorescent	tags	Fluorescently	label	the	

protein	directly	

Image	modified	from	Romanini	and	
Cornish,	Nature	Chemistry,	2012	

Bioorthogonal	Labelling	
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Correla;ve	Fluorescence	and	EM	–	MiniSog	

•  Protein	tag	-	Mini	Singlet	Oxygen	Generator	(MiniSOG)	–	15.5	kDa	fluorescent	flavoprotein	
engineered	from	Arabidopsis	phototropin	2.	

•  IlluminaIon	of	MiniSOG	generates	sufficient	singlet	oxygen	to	locally	catalyse	the	polymerizaIon	
of	diaminobenzidine	(DAB)	into	an	insoluble	osmiophilic	reacIon	product	resolvable	by	EM.	

•  Permits	the	use	of	strong	aldehyde	fixaIon,	which	opImally	preserves	ultrastructure	but	can	
hinder	access	to	anIbodies	and	gold	nanoparIcles.	Also	doesn’t	require	permeabilisaIon.	

•  Shown	to	work	in	mammalian	cells,	intact	nematodes,	Drosophila	and	rodents.	

	Images	from	Shu	et	al.,	PLoS	Biology,	2011	
19	

Labelling	Without	An;bodies	

Davis	and	Chin,	Nature	Reviews	Molecular	Cell	Biology,	2012	

GeneIc	fusion	with	
fluorescent	protein	

GeneIc	encoded		
non-fluorescent	tags	Fluorescently	label	the	

protein	directly	

Images	modified	from	Romanini	and	
Cornish,	Nature	Chemistry,	2012	

Bioorthogonal	Labelling	

20	
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Targe;ng	Small-Molecule	Probes	to	Gene;cally	Encoded	Tags	

Fernandez-Suarez	and	Ting,	Nature	Reviews	Molecular	Cell	Biology,	2008	

Self-labelling																																											

Enzyme-mediated	Labelling																																											

21	

FlAsH/ReAsH	(Invitrogen)	

•  FlAsH	was	the	first	example	of	a	chemical	surrogate	to	fluorescent	proteins	for	labelling	proteins	
in	living	cells	with	organic	fluorophores.	

•  FLasH	and	ReAsH	are	membrane	permeable	derivaIves	of	fluorescein	(green)	and	resorufin	(red).		

•  They	are	iniIally	nonfluorescent,	but	become	fluorescent	when	they	bind	to	recombinant	proteins	
containing	a	tetracysteine	tag	(CCXXCC).	

•  Non-specific	labelling	of	thiol-rich	biomolecules	e.g.	cysteine	rich	proteins.	

Soh,	Sensors,	2008	
22	
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ACP-	and	MCP-tags	(NEB)	

•  NEB	also	sell	ACP-	and	MCP-tags,	which	are	smaller	than	SNAP/CLIP/Halo-tags	at	9	kDa	but	require	
an	addiIonal	enzyme	to	catalyse	the	labelling	step.	

•  The	ACP/MCP-tag	substrates	are	non-cell-permeable	and	are	therefore	only	suitable	for	the	
labelling	of	surface	proteins.	

•  The	same	fluorescently-conjugated	substrates	will	label	both	ACP-	and	MCP-tags.	

•  Specificity	is	determined	by	the	synthase	used	for	labelling.	However,	while	ACP-Synthase	will	
modify	predominantly	the	ACP-tag,	SFP-Synthase	will	label	both	ACP-	and	MCP-tags.	Therefore,	
sequen;al	incubaIon	is	required	for	dual-colour	labelling.	

Images	from	NEB	website.	
25	

Other	Gene;c	Tag-Fluorescent	Ligand-Based	Labelling	Strategies		

Harald	Tschesche	et	al.,	Methods	in	Protein	Biochemistry,	2011	
26	
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Labelling	Without	An;bodies	

Davis	and	Chin,	Nature	Reviews	Molecular	Cell	Biology,	2012	

GeneIc	fusion	with	
fluorescent	protein	

GeneIc	fusion	with	a	non-
fluorescent	pepIde/protein	that	

binds	a	fluorescent	ligand	
Fluorescently	label	the	

protein	directly	

Image	modified	from	Romanini	and	
Cornish,	Nature	Chemistry,	2012	

Bioorthogonal	Labelling	

27	

Bioorthogonal	Labelling	

•  Bioorthogonal	reacIons	between	two	funcIonal	groups	that	do	not	react	with	biological	
molecules	but	selecIvely	react	with	each	other	e.g.	tetrazines	and	strained	alkenes/alkynes.	

•  GeneIc	code	expansion	and	reprogramming	have	facilitated	the	site-specific	incorporaIon	of	
unnatural	amino	acids	bearing	bioorthogonal	funcIonal	groups	into	proteins	in	bacteria,	
mammalian	cells	and	animals.	

•  IncorporaIng	unnatural	amino	acids	requires	orthogonal	aminoacyl-tRNA	synthetase/tRNA	pair.	

•  Tetrazine	linker	quenches	fluorescence	of	some	fluorophores	prior	to	reacIon	with	the	unnatural	
amino	acid,	thereby	reducing	background	fluorescence.	

•  Protein	expression	can	be	Ightly	controlled	by	regulaIng	amino	acid	availability.	

Romanini	and	Cornish,	Nature	Chemistry,	2012	Davis	and	Chin,	Nature	Reviews	Molecular	Cell	Biology,	2012	

28	
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Summary	
Labelling	for	Fluorescence	Microscopy	

•  You	can	do	mulIplexing	with	fluorescent	labelling.	
•  Immunofluorescence	provides	us	with	specificity	and	
sensiIvity	(fixed	samples).	

•  Chosen	Fixa;on	method	is	important.	
•  There	are	other	techniques	available	that	allow	live	cell	
imaging	-	FPs.	

•  You	can	also	do	rapid	chemical	labelling	in	thick	Issues.	

29	

1.	Labelling	for		
Fluorescence	Microscopy	

	
2.	Förster	Resonance	Energy	Transfer	

(Fluorescence	Resonance	Energy	Transfer)	
FRET	
	

3.	Light	Sheet	Microscopy	

Mathias	Pasche	
-	Light	Microscopy	Facility	-	

30	
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Donor	Molecule	 Acceptor	Molecule	

Emission	Dipole	 AbsorpIon	Dipole	

Dipole-Dipole	
Coupling	

Photon	
absorbed	

Resonance	Energy	Transfer	

Photon	
emiged	

33	

Adapted	from	Broussard	et	al.,	Nature	Protocols	(2013)	

FRET	requirements	

+	 +	FRET	=	

Donor	 Acceptor	+	

No		

FRET
	

No		

FRET
	 No	F

RET	

34	
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S0	

S1	

acceptor	

kT	

A	

A*	

kc	

fluorescence	and	
other	deacIvaIon	
from	acceptor	

singlet	

S0	

S1	

donor	

kc	

D	

D*	

kex	 kQ	kc	kF	

T1	

kisc	
kvib	

D*	
deacIvaIon	
from	donor	

triplet	kpb	

photobleaching	
products	

Jabłoński	diagram	

A

AD

D

DA

A

AD

FF

F

E

Φ
+

Φ

Φ
=

D

DA

F
FE −=1

D

DAE
τ
τ

−=1

DApb

DpbE
,

,1
τ

τ
−=

FRET	Spectroscopy	

41	

FRET	Methods	

•  Acceptor	photobleaching	

•  SensiIsed	emission	

•  Spectral	imaging	-	unmixing	

•  FRET	-	Fluorescence	LifeIme	Imaging	Microscopy	(FLIM)	

42	
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S0	

S1	
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kT	
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A*	

kc	

S0	

S1	

donor	

kc	
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D*	

kex	 kQ	kc	kF	

A

AD

D

DA

A
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FF
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E

Φ
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Φ

Φ
=

Spectral	imaging	–	Unmixing	
Dealing	with	crosstalk	

-  Measuring	the	en;re	
emission	spectrum	using	
a	spectral	detector	(Zeiss	
710	upright	780,	780	UV	
and	880)	

-  Quick,	because	of	
simultaneous	scanning	

-  Allows	live	cell	imaging	
-  Requires	plenty	of	

controls	
-  Sorts	out	problems	with	

autofluorescence	
47	
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Image	from	Zeiss	Online	Campus	

-  Measuring	the	en;re	
emission	spectrum	using	
a	spectral	detector	(Zeiss	
710	upright	780,	780	UV	
and	880)	

-  Quick,	because	of	
simultaneous	scanning	

-  Allows	live	cell	imaging	
-  Requires	plenty	of	

controls	
-  Sorts	out	problems	with	

autofluorescence	
48	

Spectral	imaging	–	Unmixing	
Dealing	with	crosstalk	
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Yellow	Cameleon	–	a	chimera	

Ca2+-binding	protein		
Calmodulin	

Calmodulin-binding	domain	of	
Myosin	light	chain	kinase	

CFP YFP 

calmodulin	 M13	

53	

Yellow	Cameleon	

-	4	Ca2+	 +	4	Ca2+	

CFP YFP 

calmodulin	 M13	

CFP 

YFP
	“High”	FRET	

54	
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Correc;on	or	
measurement	 Sample	

Acceptor	
Photo-

bleaching	

Sensi;zed	
emission	 Spectral	Imaging	 Fluorescence	

Life;me	

Autofluorescenc
e	 Unlabeled	Cells	 Yes	 Yes	 Yes	 Yes	

CFP	emission	
crosstalk,	CFP	

spectra,	
determine	CFP	

lifeIme	

CFP	alone	 No	 Yes	 Yes	 Yes	

Venus	excitaIon	
crosstalk,	Venus	

spectra	
Venus	alone	 No	 Yes	 Yes	 No	

NegaIve	FRET	
control	

Unlinked	CFP	&	
Venus	 Yes	 Recommended	 Recommended	 Recommended	

PosiIve	FRET	
control,	

determine	CFP	
FRET	lifeIme	

Linked	CFP	&	
Venus	 Recommended	 Recommended	 Recommended	 Recommended	

Sample	of	
interest	

CFP	&	Venus	
experimental	

sample	
Yes	 Yes	 Yes	 Yes	

Shows	high	
FRET,	short	CFP	

lifeIme	

CFP	&	Venus	
PosiIve	biological	

control	
Recommended	 Recommended	 Recommended	 Recommended	

Shows	low	FRET,	
long	CFP	lifeIme	

CFP	&	Venus	
NegaIve	

biological	control	
Recommended	 Recommended	 Recommended	 Recommended	

Adapted	from	Broussard	et	al.,	Nature	Protocols	(2013)	
57	

You	can	use	FRET	to	measure	interacIons	below	the	diffracIon	limit.	
	
	
You	can	use	it	as	a	molecular	ruler	
	
	
It	is	useful	for	bio-sensors	
	
	
But	you	must	do	all	the	controls!	

Summary	
Fluorescence	Resonance	Energy	Transfer	

58	
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Thank	you	for	your	agenIon!	

	
	

Any	quesIons?	
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