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Fluorescent marker for cellular structures

Image: Lichtman Lab

Day and Davidson, Chem Soc Rev, 2009(38) 2887



GFP-based live microscopy

Kaech, Brinkhaus, and Matus, Neurobiol. 1999(96):10433

Volatile anesthetics block actin-based motility in dendritic spines

Ding et al., Develop. Biol. 2009(334):253
Chromator is required for proper microtubule spindle 
formation and mitosis in Drosophila



The discovery of GFP

Images from Osamu Shimomura



Day and Davidson, Chem Soc Rev, 2009(38) 2887



The green fluorescent protein

Day and Davidson, Chem Soc Rev, 2009(38) 2887

~240 Amino acids, 27 kD



GFP chromophore formation
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Improving the wild type GFP

Day and Davidson, Chem Soc Rev, 2009(38) 2887

AvGFP “GFP”

S65T



Jellyfish (Aequorea) fluorescent protein family 

AvGFP



GFP (S65T), EGFP (S65T, F64L)



BFP, CFP, YFP 



Cerulean , CyPet, Sapphire, Venus, Citrine , Ypet…





Red FPs from Anthozoa

Second oxidation

dsRed
↓

mRFP
↓

mOrange, mCherry…

Day and Davidson, Chem Soc Rev, 2009(38) 2887



The fluorescent protein pallet

Image from Tsien lab



N.C. Shaner, P.A. Steinbach, & R.Y. Tsien, Nature Methods 2:905 (2005)

Other, less recommended FP:s

The fluorescent protein pallet



mOrange2
β-actin

mApple
CX-43

mTFP1
fibrillarin

mWasabi
cytokeratin

mRuby
annexin

mEGFP
H2B

EBFP2
β-actin

mTagRFP
mitochondria

mCherry
C-Src

mCerulean
paxillin

mKate
clathrin

mCitrine
VE-cadherin

TagCFP
lysosome

TagRFP
zyxin

superfolderGFP
lamin B1

EGFP-a
v-integrin

tdTomato
Golgi

mStrawberry
vimentin

TagBFP
Rab-11a

mKO2
myosin

DsRed2
ER

ECFP
tubulin

tdTurboRFP
farnesyl

mEmerald
EB3

mPlum
CENP-B



From Tsien lab



pH sensitivity of GFP

EGFP

Bizzarri, et al., Anal Bioanal Chem (2009) 393:1107

Low pH

High pH



Photoactivatible fluorescent proteins

PA-GFP (T203H) destabilize the pre-activated state, 100:1 contrast
Day and Davidson, Chem Soc Rev, 2009(38) 2887



How discovery can be made…

Ando et al., PNAS 2002(99) 12651

Kaede

Day and Davidson, Chem Soc Rev, 2009(38) 2887



“Good” PA-FPs
Catagory Name Abs Em

Dark  Green PA-GFP 400 → 504 517

PS-CFP2 400 → 490 470 → 511

Dark  Green Dronpa 503 518

rsEGFP, rsEGFP2 491 510

Green Red Dendra2 490 → 553 507 → 573

mEos2, mEos3.2 506 → 573 519 → 584

mMaple3 489 → 566 505 → 583

Dark  Red PAmCherry 564 595

Other Dreiklang 515 529

Nearly 50% of the FPs show reversible photobleaching (reactivation)

Dickson, Cubitt, Tsien, Moerner, Nature, 1997(388):355



Applications of PA-FPs
ERK-Dronpa

Ando, Mitzuro and Miyawaki, Science 2004(306): 1370

Visualization of protein trafficking

Super-resolution microscopy



Nonfluorescent applications of GFP

Kv4.2 + KChIP2 Kv4.2 + GFP-KChIP2

Kim et al., Neuron, 2004(41): 513



Beyond GFP

Bacterial phytochrome

biliverdin (BV)

covalent binding

IFP1.4
Ab: 684 nm
EC: 92,000
Em: 708 nm
QE: 0.07

iRFP, IFP2.0, mIFP…

Cy5.5
675 nm
230,000
695 nm
0.28

Shu et al., Science 2010



UnaG from Japanese eel (unagi)

bilirubin (BR)

Kumagai et al., Cell 2013

KD = 98 pM

UnaG-lifeact

3 μm



CAUTION

GFP

ARTIFACTS



Labeling without disturbing the system

Giepmans, Adams,Ellisman,Tsien, Science 2006(312): 217



Oligomerization

GFP: weak dimer dsRed: Tetramer

tdTomato, Kaede, tdEosFP, etc.



Why is oligomerization a problem?

Fusion to inert protein

or targeting sequence

Fused to interacting protein



Oligomerization artifacts

Super-resolution image of vimentin with various FP fusion and immunostaining

Immunofluorescence

Wang et al., PNAS 2014



Over expression of fused protein

WT, immunoflurescence

GFP-rtn4a, stable cell line

FLAG-climp, transient expression

Collaboration with T. Rappaport



Over expression of free FP

Agbulut et al., J. Biol. Chem. 2007(282) 10465



Good:

• Genetically encoded

• Live cell/animal 
labeling

• Simple and versatile

Not perfect yet:

• Sometimes still 
perturbative

• Not as bright and 
photostable

• Maturation can be 
slow

• Not applicable to…

human samples



Thanks!


