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� Monomer, successful performance in fusions

� Irreversible photoconversion from a cyan to a green fluorescent form

� High contrast of photoconversion

� High pH stability allowing labeling of acidic organelles

� Recommended for tracking cell, organelle, and protein movement, 

and for determination of protein half�life

Description 

PS�CFP2 is an improved mutant of the photoswitchable monomeric fluo�

rescent protein PS�CFP (Chudakov et al., 2004). PS�CFP2 exhibits faster

maturation and a brighter fluorescence both before and after photoswitch�

ing than that of PS�CFP.

PS�CFP2 is capable of irreversible photoconversion from cyan to green flu�

orescent form in response to 405 nm light irradiation. It is recommended

for real�time in vivo tracking movement of cells, organelles, and individual

proteins (Chudakov et al., 2007). It can also be applied for determination of

protein half�life (Zhang et al., 2007). In addition, PS�CFP2 can be used as a

routine cyan fluorescent tag (excitation maximum at 400 nm and emission

maximum at 468 nm) at moderate excitation intensities and as a donor in

FRET applications (Souslova and Chudakov, 2006). 

Main properties of PS�CFP2

Characteristic

Molecular weight 27 kDa

Polypeptide length 238 aa

Structure monomer

Aggregation no 

Maturation rate at 37°C fast 

Activating light UV�violet (e.g. 400 nm) 

Contrast, fold up to 2000

bbeeffoorree aafftteerr

pphhoottooccoonnvveerrssiioonn pphhoottooccoonnvveerrssiioonn

Fluorescence color cyan green

Excitation max 400 nm 490 nm 

Emission max 468 nm 511 nm

Quantum yield 0.20 0.23

Extinction coefficient, M�1cm�1 43 000 47 000

Brightness* 8.6 10.8

pKa 4.3 6.1

*Brightness is a product of extinction coefficient and quantum yield, divided by 1000. 

Performance and use

PS�CFP2 can be easily expressed and detected in a wide range of organ�

isms. Mammalian cells transiently transfected with PS�CFP2 expression

vectors display an evenly distributed cyan signal without aggregation with�

in 12�20 hrs after transfection. No cell toxic effects are observed. 
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PS�CFP2 fluorescence spectra before (A)

and after (B) complete photoactivation in

vitro. 

Spectral changes in the course of photoactiva�

tion are shown with arrows. A � Graphs show

emission spectra in 400 nm excitation light (blue

lines) and excitation spectra for 468 nm emis�

sion (violet lines); B �graphs show emission

spectra in 490 nm excitation light (green lines)

and excitation spectra for 511 nm emission

(blue lines). 

Complete PS�CFP2 spectra in Excel format can

be downloaded from the Evrogen Web site at

www.evrogen.com/PS_CFP2.shtml
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Expression of PS�CFP2 in transiently trans�

fected mammalian cells.

A — Whole�cell expression in HeLa cells; B —

PS�CFP2�tagged human dopamin transporter

expression in HEK293 cells.
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In response to intense 400 nm light irradiation, PS�CFP2 undergoes irre�

versible photoconversion expressed in a decrease in cyan fluorescence and

appearance of a 490 nm excitation peak with emission maximum at 511

nm. After complete photoconversion, green fluorescence of PS�CFP2

increases more than 400 times, whereas the level of cyan fluorescence

becomes more than 5.5 times lower. The ratio of green fluorescence of the

activated and inactivated form is four times higher for PS�CFP2 than for PA�

GFP (Patterson and Lippincott�Schwartz, 2002). Unlike that of PA�GFP,

emission spectrum of PS�CFP2 changes completely, switching from cyan to

green fluorescence. This makes it possible to calculate an increase in the

green�to�cyan fluorescence ratio which accounts for more than a 2000�fold

contrast. Considerable decrease of cyan fluorescence during PS�CFP2 pho�

toconversion provides a molecular tool to simultaneously track both the

movement of the photoactivated protein and its replacement with the non�

activated form.

Before photoactivation, PS�CFP2 exhibits a high pH stability with a pKa of

4.3. No changes were observed either in the shape or in the amplitude of

fluorescence spectra within a pH range of 5.0 and 9.0. This makes it possi�

ble to target PS�CFP2 to acidic organelles such as endosomes and lyso�

somes. After photoswitching, PS�CFP2 has a pKa of 6.1, similar to that of

other GFP�like proteins with a phenolate anion chromophore such as EGFP.

PS�CFP2 successful performance has been proven in many fusions includ�

ing that with cytoplasmic beta�actin, BH3 interacting domain death

agonist (BID), nucleolar protein fibrillarin, and dopamin transporter.

PPrrootteeiinn  ssuuiittaabbiilliittyy  ffoorr  ttrraakkiinngg  pprrootteeiinn  ttrraaffffiicc has been demonstrated using

previous PS�CFP version in the human dopamin transporter (hDAT) model

(Chudakov et al., 2004). PS�CFP�tagged hDAT was expressed in HEK293

cells. The fusion protein was localized in the cellular membranes including

filopodia. Applying 404 nm laser irradiation for a few seconds PS�CFP�hDAT

was selectively photoswitched in the middle parts of two filopodia. High con�

trast of photoconversion allowed to monitor hDAT movement precisely with�

in thin filopodia in the vicinity of a big PS�CFP�hDAT pool at the filopodia

base. At the same time, a decrease in the cyan fluorescence during photo�

switching allowed to monitor non�switched PS�CFP�hDAT molecules entering

the activated region.

When expressed heterologously, hDAT is capable of endocytosis. To test

whether early endosomes are able to exchange cargo proteins such as

hDAT, PS�CFP�hDAT fusion was selectively photoswitched in several endo�

PS�CFP2 photoconversion in transiently

transfected mammalian cells. 

Central cell expressing PS�CFP2 was irradiated by

intense 405 nm light that resulted in PS�CFP2

photoswitching. Before photoswitching no

detectable green fluorescence at FITC excitation

was seen in cells expressing PS�CFP2. In contrast,

high�level signal was observed in cyan channel.

Upon irradiation with a 10�15 micro Joules (about

20�30 W/cm2) violet dye laser (405 nm) for a few

seconds a fluorescence increase of more than

300�fold was observed in FITC channel.

before 
photoconversion

after 
photoconversion

Tracking of PS�CFP�hDAT

fusion within filopodia of

HEK293 cells. 

Signals in cyan and FITC chan�

nels are shown in red and

green pseudocolors, respec�

tively. Circle outlines the pho�

toswitched region. Scale bar,

10 μm. Time after the photoac�

tivation (min) is indicated on

left. 
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PS�CFP�hDAT interchange between two

endosomes. 

Signals in cyan and FITC channels are shown in

red and green pseudocolors, respectively. Circle

outlines the photoswitched region. Arrows point to

the endosomes tracked. Scale bar, 10 μm. Time

after the photoactivation (min) is indicated on left. 
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somes. Endosomes (both photolabeled and intact) were monitored within

the whole cell for more than an hour after the photoactivation. They exhib�

ited fast and rather chaotic intracellular movement. Two endosomes drew

together to form a doublet. One of them contained photoswitched PS�CFP�

hDAT and soon after their contact PS�CFP�hDAT mutual exchange between

the endosomes was occurred: cyan fluorescence of the activated endo�

some recovered while green fluorescence of the second endosome grew.

SSuuiittaabbiilliittyy  ffoorr  FFRREETT aapppplliiccaattiioonnss has been demonstated using a fusion con�

struct comprising fluorescent donor (PS�CFP) and acceptor (PhiYFP) pro�

teins with a linker containing Factor Xa protease cleavage site (Souslova

and Chudakov, 2006). In these fusions energy from the excited donor pro�

tein migrates partly to the acceptor due to FRET. Incubation of purified

fusion constructs with Factor Xa protease eliminates FRET and leads to a

gradual increase in the donor emission peak and a simultaneous decrease

in the acceptor emission. 

Excitation at 402 nm resulted in a substantial yellow fluorescence emis�

sion, showing effective FRET. Digestion of the linker between the two fluo�

rescent proteins separated fluorophores and disrupted FRET. Increase in

the donor�to�acceptor emission ratio after their separation reached 6.85�

fold, which is better than that for any other reported GFP�like protein pairs.

PPSS��CCFFPP22  ccaann  bbee  uusseedd  ffoorr  ccaarreeffuull  ddeetteerrmmiinnaattiioonn  ooff  pprrootteeiinn  hhaallff��lliiffee as it has

been described for Dendra2 in (Zhang et al., 2007). In the method pro�

posed, cells are transfected with a construct coding for target protein fused

with a photoswitchable tag. A steady�state concentration of the fusion pro�

tein and corresponding fluorescent signal depends on protein synthesis

and maturation rates as well as protein degradation rate. After photocon�

version of the photoswitchable tag in a whole cell, a pool of distinct fluo�

rescent molecules appears, which is independent of the synthesis and

maturation of the new PAFP molecules. Thus, the decay of the activated flu�

orescence directly corresponds to the degradation of the PAFP�tagged pro�

tein. Time�lapse imaging of the activated signal allows for quantification of

degradation process in real�time at the single cell level. 

Available variants and fusions

PS�CFP was obtained from  Aequorea coerulescens colorless GFP�like pro�

tein (Gurskaya et al., 2003). As compared with PS�CFP, PS�CFP2 comprises

S108T, M153V, and T154A substitutions, which lead to a much faster mat�

uration and a brighter fluorescence both before and after photoswitching.

PS�CFP2 codon usage is optimized for high expression in mammalian cells

(Haas et al., 1996), but it can be successfully expressed in many other het�

erological systems. 

Recommended antibodies, filter sets, and visualization

parameters

AAnnttiibbooddiieess::  PS�CFP2 can be recognized using Anti�Tag(CGY)FP antibody

(Cat.# AB121�AB122) available from Evrogen. 

VViissuuaalliizzaattiioonn  bbeeffoorree  pphhoottoosswwiittcchhiinngg

Before activation, PS�CFP2 produces cyan fluorescence with excitation and

emission maxima at 400 and 468 nm, respectively. Standard levels of exci�

tation do not cause significant photoswitching of cyan or photobleaching of

green fluorescence. 

PS�CFP2 excitation spectrum is absolutely different from that of common

cyan fluorescent proteins, such as ECFP or Cerulean. Because of the short�

er excitation wavelength, cyan fluorescence of PS�CFP2 can be easily sep�

arated from green fluorescence of its photoactivated state as well as from

any green fluorescent protein. Therefore, common CFP filter sets are not

optimal for PS�CFP2 visualization and photoactivation.

FRET between PS�CFP and PhiYFP.

A — Excitation (dotted lines) and emission (solid

lines) spectra of PS�CFP (blue) and phiYFP (yel�

low) are shown individually. Spectral overlap is

filled with gray. B — Emission spectra of the PS�

CFP�Xa�phiYFP fusion are shown before (yellow)

and at various time points after commencing

digestion with Factor Xa protease (yellow�blue

hues of the spectral lines).  When excited at 400

nm the uncleaved construct emitted mainly yel�

low light that gradually dimmed upon cleavage of

the linker.
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RReeccoommmmeennddeedd  ffiilltteerr  sseettss are XF119�2*, XF131, XF06, XF03, XF11, XF129�

2, XF05�2 (Omega Optical); DAPI�5060B* and DAPI�1160A (Semrock);

31037, 31041, 31016, 31021, 31000v2, 1009v2, 31013v2, 11005v2,

31047 (Chroma). * � preferred filter sets.

PPhhoottoosswwiittcchhiinngg

PS�CFP2 undergoes irreversible photoconversion (in response to intense

400 nm light irradiation) expressed in a decrease in cyan fluorescence and

appearance of a 490 nm excitation peak with emission maximum at 511 nm.

VViissuuaalliizzaattiioonn  aafftteerr  pphhoottoosswwiittcchhiinngg

For visualization of green fluorescence of photoactivated PS�CFP2, filter

sets used for routine GFPs visualization are recommended with excitation

about 470�500 nm and emission collected at about 500�550 nm (e.g.

Omega Optical XF100�2). Importantly, excitation wavelength must not be

below 450 nm to avoid cross�excitation of non�photoactivated PS�CFP2. 

NNoottee::  To avoid undesirable photoactivation of PS�CFP2 and photobleaching of

its photoactivated form it is recommended that excitation light intensities and

exposition times  be minimized during visualization of both protein forms.

PPSS��CCFFPP22  vviissuuaalliizzaattiioonn,,  pphhoottooaaccttiivvaattiioonn  aanndd  ttrraacckkiinngg  iinn  aa  ccoonnffooccaall  mmiiccrroo��

ssccooppee

The following parameters are recommended for Leica microscope DMIRE2,

confocal TCS�SP2, equipped with 25 mW 405 nm diode laser,  125 mW Ar

laser, objective HCX�PL�APO�63x/1.40�0.60/OIL (parameters may vary for

different experimental systems): 

For visualization of PS�CFP2, we recommend using of 405 nm laser excita�

tion. In a scanning mode, 1�5% power of 405 nm laser causes only negligi�

ble PS�CFP2 photoactivation, and can thus be used for preliminary visuali�

zation. Fluorescence emission of nonphotoactivated PS�CFP2 can be col�

lected from about 420 nm to about 510�530 nm to gain maximum signal.

For the fast PS�CFP2 photoactivation (which is required to track dynamics

of rapidly moving protein of interest), we recommend using 50�100% power

of 405 nm laser, 50�2000 ms irradiation in a point, using "point�bleach"

mode in Leica confocal software. From our experience, "point�bleach" mode

allows much faster photoactivation than any scanning modes, probably

because of the continuity of irradiation. Tracking of a protein characterized

by slow dynamics does not require fast photoactivation. In this case, high�

power scanning of the ROI works perfectly well for PS�CFP2 photoactivation. 

For photoactivated PS�CFP2, you can use 488 nm laser excitation and col�

lect fluorescence emission between 500 nm to 550 nm. To avoid crosstalk,

we recommend the use of sequential mode if you need to visualize both ini�

tial and photoactivated PS�CFP2. Use low intensity excitation light to avoid

photobleaching.
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PS�CFP2�related products

Product Cat.# Description Size

PPSS��CCFFPP22  eexxpprreessssiioonn//ssoouurrccee  vveeccttoorrss

pPS�CFP2�C FP801 Mammalian expression vector encoding humanized 20 μg

PS�CFP2 and allowing PS�CFP2 expression 

and generation of fusions to the PS�CFP2 C�terminus 

pPS�CFP2�N FP802 Mammalian expression vector encoding humanized 20 μg

PS�CFP2 and allowing PS�CFP2 expression 

and generation of fusions to the PS�CFP2 N�terminus 

RReeccoommbbiinnaanntt  pprrootteeiinn  

rPS�CFP2 FP851 Purified cyan�to�green photoswitchable protein 100 μg 

AAnnttiibbooddiieess  aaggaaiinnsstt  PPSS��CCFFPP22  

Anti�Tag(CGY)FP AB121 Rabbit polyclonal antibody against TagCFP, TagGFP, 100 μg 

antibody AB122 TagYFP, and PS�CFP2 200 μg 

Please contact your local distributor for exact prices and delivery information.

NNoottiiccee  ttoo  PPuurrcchhaasseerr::
PS�CFP2�related products are intended to be used by academic (non�commercial) entities and for research purposes only. Any use of the proprietary
nucleic acid or protein other than for research use or by a commercial entity is strictly prohibited. Transfer of this product by purchaser to any other
party is specifically prohibited.
CMV Promoter: The CMV promoter is covered under U.S. Patents 5,168,062 and 5,385,839, and its use is permitted for research purposes only. Any
other use of the CMV promoter requires a license from the University of Iowa Research Foundation, 214 Technology Innovation Center, Iowa City, IA
52242.


