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Fluorescent proteins illuminate cell biology

Michael Z. Lin, Atsushi Miyawaki and Roger Y. Tsien

The ability to unravel the fine details of biological functions has advanced remarkably.

Green fluorescent protein (GFP) isolated from the jellyfish Aequorea victoria and GFP-like
fluorescent proteins from other animals have had an important role in the technical
innovations that have driven these advances. Inspired by the emergence of numerous spectral
variants of fluorescent proteins in the past decade, an increasing number of researchers have
been awaiting the development of a tool that enables the direct visualization of biological

gene expression and protein dynamics, biosensors have also been created using fluorescent
proteins to image the concentrations of ions and small molecules, enzyme activity, protein
post-translational modification and changes in protein conformation. In addition, an emerging
property of some fluorescent proteins is that their fluorescence can be photo-modulated by
illumination at specific wavelengths, which enables individual cells, organelles and proteins to
be highlighted with high spatiotemporal resolution. This poster provides a broad perspective
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function. Although the most common application of fluorescent proteins is the imaging of

Monomeric fluorescent proteins can be used
and abundance, which in turn can report on
lipid production, cell shape changes and orga
They can also be used as components of single-chain or multiprotein FRET

The fluorescent protein spectrum

Basic features of fluorescent proteins

Fluorescent proteins related to A. victoria GFP! are monomeric or homomultimeric
polypeptides of 224-231 amino acids? that form an 11-strand -barrel (diameter
2.4 nm; length 4.0 nm) with a central a-helix. The chromophores of these fluorescent
proteins are formed from a X-(H/Y/W)-G tripeptide in an autocatalytic reaction that |
requires O, and generates H,O,. Unrelated domains that bind to exogenous ||
chromophores and function as fluorescent proteins also exist.
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versions allow protein fusions.

Combinations of multimers and
monomers were used to generate
'‘Brainbow' mice (right)’.
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Optical properties of selected bright
photoswitchable proteins

Switch Peak EC x QY
state ex./em. vs EGFP

EYFP Pre 514/528 83 0.61 1.5
Post 405/528 ND ND ND
Pre 503/518 95 0.85 24
Post 388/518 28 0.02 0.02
Pre 503/522 ND ND 0.01
Post 505/522 43 0.64 0.82
Pre 453/488 60 0.50 0.89
Post 376/ND ND ND ND

EC QY
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Irreversible

Certain multimeric fluorescent proteins
are brighter than available monomeric _
fluorescent proteins of the same colour Veow & a0
and so may be useful for reporting gene = ;
expression and marking cells, and may be L
preferred when it is crucial to maximize :
signal/noise. Typical applications are cell Bt
filling and tracking. Tandem dimer (td) {

with spontaneous reversal. In some
formed, allowing acceleration of reve
These proteins are useful as probes in single-molecule-based superresolution
microscopy, as shown below with a fusion of EYFP to the bacterial actin
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Multipart sensors

Beyond simple sensors of protein localization or abundance, complex reporter

W systems can be constructed by using fluorescent proteins of various colours to tag

T multiple proteins simultaneously. For example, Fucci reporters use fluorescent

protein fusions to proteins that show cell cycle-dependent proteolysis to mark cells

S in G1 phase in red and cells in S, G2 or M phase in green (below; a)®. A specific RNA
: tag can be visualized by the simultaneous recruitment of weakly complementing

PA-GFP Pre 400/515 21 0.13 0.08 - . " Na fluorescent protein fragments fused to sequence-specific RNA-binding proteins
Post 504/517 17 0.79 040 i 3 . (below; b)”. Spontaneously complementing GFP fragments expressed in different
PS-CFP2 Pre 400/468 43 0.20 0.26 Irrever5|bly phOtOSW|tChable protelns cells reveal cell-cell interactions (below; c)®.
Post 490/511 47 0.23 0.32 Certain fluorescent proteins undergo covalent changes in structure on
PATagRFP Pre 351/ND ND ND ND illumination, resulting in a brightening at a specific wavelength. Applications
Post 562/595 66 0.38 0.75 include connectivity tracing, protein diffusion and superresolution P S BB 1 T
Kaede Pre 508/518 98x4 0.88 2.6x4 microscopy, as shown below with PA-GFP targeted to mitochondria and P :“ 2 b
Post 572/580 60x4 0.33 0.59x4 imaged with standard light microscopy (left) and a single-molecule-based ‘ ; “‘ Flruct)r?rslcent Fluorescent
mKikGR Pre 505/515 49 0.69 1.0 superresolution technique (right)®. \ Ml Rt fpraogrient protein
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Dendra2 Pre  490/507 45 050 0.68 : W G RS
Post  553/573 35 055 058 S o St ' )
mEos? Pre  506/519 56 084 1.4 Ylip, 0 RETES
Post ~ 573/584 46  0.66 0.90 - W ¢ vl il ' P .
3 - RNA

of the fluorescent proteins now available and their potential applications.

lating Sensors Intensity-based single-chromophore sensors

nsors, a noncovalent structural change
influences the fluores a single fluorescent protein domain. In
pH and redox sensors, sen is carried out directly by the
chromophore or by amino acids of the fluorescent protein -barrel
domain. Other sensors rely on the propagation of a conformational
change from a sensing domain to a fused fluorescent protein domain,
as with the VSFP sensors of voltage® and G-CaMP sensors of Ca?*
(REF. 10) (below; a). In most cases analysed, fluorescence changes are
due to changes in chromophore protonation. Exocytosis of synaptic
vesicles can be analysed with a lumenal pHluorin sensor (below; b)'*.
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FRET sensors Selected FRET sensor characteristics

Sensors for various signals an ave been engineered to Reporter Analyte Measurement Max.
detect signal-induced conform hanges that alter FRET %A
between fluorescent proteins. ample, phosphorylation can AKAR3 PKA cpVenus/ECFP o
change the distance or orientation of fluorescent proteins fused at AktAR PKB (Akt) cpVenus/Cerulean 40
the termini, thereby changing FRET (below; a)'?. Alternatively, two
proteins can interact in a signal-dependent manner, increasing FRET
between the fluorescent proteins that they are fused to (below; b)*3. EKAR ERK Venus/Cerulean 20
These designs can be generalized to various signals; for example, the
approach in part a has been applied to sensing kinases, GTPases
(below; c)*, histone methylation, Ca?* and glutamate.
. o
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Semrock, a Unit of IDEX Corporation, is the world’s leading producer of ion-beam-sputtered (IBS) optical
filters for fluorescence instrumentation and other laser and optical systems. The IBS coating process is
widely regarded as the premier thin-film deposition technology for making the brightest, spectrally
most sophisticated and most reliable optical filters and mirrors. Semrock’s unique and proprietary design
and manufacturing processes ensure outstanding performance and repeatability to successfully serve
the world’s leading OEM manufacturers. And with well over 100 years of collective optical system
experience Semrock prides itself in enabling all of our customers to rapidly put the right optical filters
into their systems. Our standard catalog filters are in stock for immediate delivery. Semrock is
committed to continuous innovation and is proud of the many industry firsts we have introduced. All of
our products are designed and manufactured in Rochester, NY and are available globally through an

extensive network of distributors. (www.semrock.com | e-mail: semrock@idexcorp.com)

Abbreviations

AF/F, change in fluorescence from baseline; AR/R,
change in ratio from baseline; Abl, Abelson kinase;
AKAR3, A kinase activity reporter 3; AktAR, Akt activity
reporter; CaMKlla, Ca?*/calmodulin-dependent protein
kinase type Il subunit-a; CKAR, C kinase activity
reporter; DKAR, D kinase activity reporter; EBFP2,
enhanced blue fluorescent protein 2; EC, extinction
coefficient (in mM~"cm™); EGFP, enhanced green
fluorescent protein; EKAR, E kinase activity reporter; em.,
emission wavelength (in nm); ERK, extracellular signal-
regulated kinase; ex., excitation wavelength (in nm);

Andor Technology plc is a world leader in scientific imaging with a portfolio spanning high
performance scientific digital cameras, spectrographs and microscopy systems. Andor helps push
the boundaries of what was previously considered possible. Fluorescent proteins provide a critical
tool for live cell imaging, opening new possibilities to study cell and tissue structure and function.
Andor's industry leading EMCCD and CCD cameras are the most powerful detectors for
quantitative fluorescence imaging, even at single molecule levels. Integrated with microscopic
imaging solutions, for example Andor Revolution®, this sensitivity can be combined with precise
illumination control to minimize photo-toxicity. Revolution® systems can be outfitted with
photo-stimulation tools for bleaching, activation and switching of fluorescent proteins and can
acquire the resulting multi-dimensional image data for visualization and analysis. Andor products
allow you to discover new ways of seeing. (www.andor.com | e-mail: marketing@andor.com)
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EYFP, enhanced yellow fluorescent protein; FRas-F, FRET
sensor of Ras, fast kinetics; FRET, Forster resonance
energy transfer; G-CaMP3, GFP—calmodulin Ca* probe 3;
IFP1.4, infrared fluorescent protein 1.4; mTFP, monomeric
teal fluorescent protein; mUKG, monomeric umi-kinoko
GFP; ND, not done; PA-GFP, photoactivatable GFP;

PK, protein kinase; PS-CFP2, photoswitchable cyan
fluorescent protein; QY, quantum yield; roGFP2,
reduction-oxidation-sensitive GFP 2; RFP, red fluorescent
protein; sfGFP, superfolder GFP; VSFP3.1, voltage-
sensitive fluorescent protein 3.1; YC2.60, yellow
cameleon 2.60.
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