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Engineering fluorescence for cell biology 

1975: MPI founded in kitchen in St Paul MN, 5 products 

1978: Moved to Texas, Texas Red dye 

1982: Relocated to Junction City, OR. Fura-2, Indo  

1985: First non-fluorescein green dye – BODIPY™ 

1987: 50 dyes for membrane voltage, 3 dyes for DNA 

1992:  CellTracker ™ Green,  

1994: MitoTracker ™ and LysoTracker ™ dyes 

1997: Alexa Fluor ™ dyes and SYBR ™ stains 

1998: Fluo-4 AM, SYPRO ™ Ruby Protein Gel Stain 

2002:  Zenon ™ Antibody Labeling Technology 

2003: Invitrogen Corporation acquires Molecular Probes 

2005: Qdot ™ nanocrystals, Qubit, SYBR ™ Greener 

2007:  Click-iT ™ chemistry; CellLight™ reagents, pHrodo™ 

2009:  Countess ™ Automated Cell Counter 

2010: Invitrogen and ABI merge=Life Technologies 

2011:  CellEvent™ and CellROX™ reagents 

2013: Acquire AMG, EVOS Fl Auto launches 

2014: Click-iT ™ PLUS 

   Acquired by Thermo Fisher Scientific 

2015: CellInsight Cx7  HCS, ProLong Live, Image-iT ™ Hypoxia  

  



3 ©2015 Thermo Fisher Scientific. All rights reserved. 

Engineering fluorescence for cell biology 

• Content 

• Fluorescence 

• How fluorescence works 

• Fluorophores 

• Engineering fluorescence for cell biology 

• Markers: Cell Tracking, proliferation, organelles, 

autophagy, cytoskeletal dynamics, receptor-

ligand, DNA damage, RNA & protein dynamics 

• Reporters: Calcium, ROS, pH, mitochondrial  

biology,  

• Advanced microscopy 

• SRM (SIM, STED, SMLM) 
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The world leader in serving science 

Fluorescence 
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Studying biology in an intact system: Microscopy & Fluorescence 

Fluorescence 

Markers of defined structures & processes 

Time 
Space 

Abundance & co-localization 

Scale 
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We need fluorescent molecules 

Temporal resolution 

Spatial resolution 

Imaging depth 

phototoxicity 

Content 

Adapted from Betzig et al 

Limited photon budget = trade offs 

But we need to know them 

& their properties 
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Fluorescent moieties 

 UV to Infrared 

 Live and/or fixed 

cells 

 Photolabile 

  

 Antibody &  

conjugates 

 Cell  Tracking 

 Biochemical, Ion & 

voltage indicators 

 Organelle stains  

 Blue to Near-

Infrared 

 Live cells, 

fixable 

 Photolabile  

 SDM-function:location 

 Functional 

“Biosensors” 

 Organelle targeting  

 Single molecule 

 In vivo  imaging 

 CLEM 

 Green to Infrared 

 Live and/or fixed 

cells 

 Very Photostable  

Organic dyes Fluorescent proteins Nanocrystals 
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Fluorescence & Fluorophores 

7

It is important to look at things in 3D….

 Fluorescence emanates from conjugated -electron systems 

comprised of coplanar p-orbitals.

 Rotational motion of fluorophore substituents is a common 

nonradiative loss mechanism.

Phenolphthalein Fluorescein

Phenolphthalein 

(Nonfluorescent) 

Fluorescein 
(Fluorescent) 

7

It is important to look at things in 3D….

 Fluorescence emanates from conjugated -electron systems 

comprised of coplanar p-orbitals.

 Rotational motion of fluorophore substituents is a common 

nonradiative loss mechanism.

Phenolphthalein Fluorescein

Brightness 

1. Quantum yield 

2. Extinction co efficient 
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Fluorescence & Fluorophores: Changing properties 

SNARF™-4F 5-(and 6-)carboxylic acid 

X-rhod-1 

BODIPY™ FL C5-ceramide  

J Cell Biol (1991)113:1267 

[Low] [High] 

Fluorophore EC QY 

FITC 78000 0.79 

Alexa Fluor™ 488 71000 0.92 
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Labeling & detection 

Modulate Fix Perm 

 

• Most standard fix/perm have been used 

• Need to optimize 

 Actin Mitochondria Microtubules 

Whelan & Bell (2015) Sci Reports 5 7924 
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SMLM imaging using Alexa Fluor™ 647 

All three targets look good 
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Labeling & detection 

Modulate Fix Perm 

 

• Most standard fix/perm have been used 

• Need to optimize 

 Mitochondria Actin Microtubules 

Whelan & Bell (2015) Sci Reports 5 7924 
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SMLM imaging using Alexa Fluor™ 647 

Mitochondria have shrunk 
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Labeling & detection 

Modulate Fix Perm 

 

• Most standard fix/perm have been used 

• Need to optimize 

 Mitochondria Actin Microtubules 

Whelan & Bell (2015) Sci Reports 5 7924 
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SMLM imaging using Alexa Fluor™ 647 

Actin labeling is lost 
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Labeling & detection 

Modulate Fix Perm 

 

• Most standard fix/perm have been used 

• Need to optimize 

• If using Glutaraldehyde then auto 

fluorescence needs to be removed (with 

NaBH4) 

• These references are excellent starting 

points: 

• Allen JR, Ross ST, Davidson MW (2013) Phys Chem Chem 

Phys 15:18771– 18783.  

• Halpern AR, Howard MD, Vaughan JC (2015) Curr Protoc Chem 

Biol 7:103–120.  

• Whelan DR, Bell TD (2015) Sci Rep 5:7924.  
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Labeling & detection 

Modulate Fix Perm 

Block 

• Reduce non specific binding 

• Source 

• Primary 

• Secondary 

• Tertiary 

• Fluorophore 
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Labeling & detection 

Modulate Fix Perm 

Block 

• Reduce non specific binding 

• Source 

• Primary 

• Secondary 

• Tertiary 

• Fluorophore 

• Addition of serum 

• BSA/HINGS 

• Image-iT FX Signal enhancer 

16um Mouse Hippocampus Section No primary with Alexa Fluor® 488 GAM 
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Ways to label & detect a molecule 

autofluorescent  

protein 

Genetically encoded  Epitope recognition Affinity molecule 

1o & 2o 

Epitope  Affinity  

domain 

Enzymatic  

conjugation 

Direct labeled 1o 

Dye conjugates 

IgG fragment/nanobody 

~95% of all experiments use these Arguably better & increasing in usage  
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Labeling & detection 

Modulate Fix Perm 

Block 

Label Wash 

30s  60s  5min    10min     15 min (all in PBS) 

 

Whelan & Bell (2015) Sci Reports 5 7924 

• Stop labeling (remove label) 

• Removal of unbound (diffuse out) 

Stop labeling 

(serial dilution) 

Removal of unbound 

(diffuses out) 
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The world leader in serving science 

Engineering fluorescence for cell 
biology: Markers 
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Labeling proliferating cells with Click-iT™ reagents 

Copper catalyzed click reaction between an alkyne and an azide 

EdU (5-ethynyl-2'-
deoxyuridine) 

Buck et al (2006) Biotechniques 

*** 

Scramble KIF11 

Gene knockdown 

Lipofectamine™ RNAiMAX  

Silencer™ Select RNAi 

Gibco™ HDFn cells   Hoechst 33342 

Click-iT™ EdU (Alexa Fluor™ 488)  

Anti a-tubulin (Alexa Fluor™ 555) 
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Other uses of Click-iT™  

GFP TG mouse intestine, Hoechst & Click-iT™ TUNEL, Alexa Fluor™ 594 

Click-iT™ TUNEL 
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Click-iT™ probes for proteastasis 

Low cyclohexamide High cyclohexamide Low MG132 High MG132 

Liu et al (2012) PNAS 109 413–418 

 

Mouse intestine 

Total cell (Oregon Green®) 

Click-iT™ OPP 

Courtesy of Adrian Salic 

Harvard medical school 
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Click-iT™ probes for proteastasis 
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Click-iT™ catalysis 

Copper catalyzed click reaction between an alkyne and an azide 
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Uttamapinant et al (2012) Angew Chem Int Ed Engl.51: 5852–5856 
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Attaching dyes to cellular components: Cell tracking & tracing 

CellTracker™ Deep Red 

CellTrace™ Violet Fluorescence 

C
o
u
n
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Attaching dyes to cellular components: Cell tracking & tracing 

CellTracker™ Deep Red 

CellTrace™ Violet Fluorescence 
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CTb-Alexa Fluor™ 488 

CTb-Alexa Fluor™647 

Alexa Fluor™ 568 hydrazide 

Schneider et al (2009) J Neurosci. 29(15): 4719–4735 
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Biological conjugates: NHS ester coupling 

Gibco™ Human Skeletal muscle cells 

DAPI, Alexa Fluor™ 488 phalloidin 

& anti-a-tubulin (Alexa Fluor™ 555) 
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Qdot™ conjugates: Real-time Receptor Ligand Tracking 

Lidke, D. et. al.  Nature Biotechnology  22 (20), 2004 

4.5 sec/frame; 100 frames 
Sequential confocal scans 

Qdot™ 605-EGF conjugate (erbB1) 

EGF receptor (erbB3-Citrine) 

EGF Receptor Internalization 

Qdot™ 
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Imaging structures in live cells: fluorescent dyes 

Golgi Lysosomes ER 

For more info see Kilgore, Dolman and Davidson (2014) Curr Prot Cytom, Chapter 12 



29 ©2015 Thermo Fisher Scientific. All rights reserved. 

Imaging structures in live cells: fluorescent proteins 

GFP-SKL Syn-RFP Nuc-GFP LC3B-GFP 

Golgi-RFP Talin-GFP Lyso-RFP Rab5-GFP 

ER-GFP Mito-RFP PM-RFP Tub-GFP 

MAP4-GFP Rab7-RFP Actin-GFP H2B-RFP 

BacMam/CellLight™ 
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Mitochondrial transport 
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Pairing environmentally sensitive and insensitive probes 
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Imaging structures in live cells: Endosomes & lysosomes 

GFP-SKL Syn-RFP Nuc-GFP LC3B-GFP 

Golgi-RFP Talin-GFP Lyso-RFP Rab5-GFP 

ER-GFP Mito-RFP PM-RFP Tub-GFP 

MAP4-GFP Rab7-RFP Actin-GFP H2B-RFP 

BacMam/CellLight™ 
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CellLight™ Lyso-GFP 

LysoTracker™ Deep Red 

Imaging structures in live cells: Endosomes & lysosomes 

CellLight™ Early Endosomes RFP 

EGF-pHrodo™ green 

CellLight™ Early endosomes GFP  

pHrodo™ red Transferrin 

pHrodo™ 
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Imaging structures in live cells: fluorescent proteins 

GFP-SKL Syn-RFP Nuc-GFP LC3B-GFP 

Golgi-RFP Talin-GFP Lyso-RFP Rab5-GFP 

ER-GFP Mito-RFP PM-RFP Tub-GFP 

MAP4-GFP Rab7-RFP Actin-GFP H2B-RFP 

BacMam/CellLight® 
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Imaging structures in live cells: Autophagy 

EGFP tagRFP 
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Premo™ tandem RFP-GFP-LC3B 
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Mitophagy 

Dolman et al (2013) Autophagy 9 11 
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Other sensors in BacMam 
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Premo™ FUCCI Cell cycle sensor 

Ex: 405/485. Em: 520 

Premo™ Ro-GFP GRX1 
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The world leader in serving science 

Engineering fluorescence for cell 
biology: Reporters 
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Fluorogenic reporters: Calcium dyes 

Fluo-4 

e- 

- Ca2+ 
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Fluorogenic reporters: Calcium dyes 

Fluo-4 

e- 

+ Ca2+ 

Ca2+ 

HeLa cell loaded with 2.5mM Fluo-4 AM 
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Fluorogenic reporters: Calcium dyes, D kd 

BI 

BII 

Rhod-3 & Mag Fluo-4 
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Fluorogenic probes: pH dyes for endocytosis 

Alexa Fluor™ 594  Zenon™  

LysoTracker™ Deep Red 

pHrodo™ Red Zenon® - 

LysoTracker™ Deep Red 

pHrodo™ 
CellLight™ Early Endosomes RFP 

EGF-pHrodo™ green 

CellLight® Early endosomes GFP  

pHrodo™ red Transferrin 

Herceptin & SK-BR-3 (HER2+) 

Herceptin & SK-BR-3 (HER2+) 
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DEVD 

Active  

Caspase-3/7 Enzyme 

Non-fluorescent 

No DNA binding 

Bound  

DNA dye 
DNA dye 

Fluorogenic probes: caspase sensors 

Vehicle Staurosporine 

Courtesy of Brosnan & Bickler, UCSF 

Control cells Induced cells 

CellTracker™ & CellEvent™ 

Gibco™ HUVEC cells 
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Fluorogenic probes: ROS sensors 

CellROX™ Deep Red 

control 
TBHP 

TBHP + 

1mM NAC 

CellROX™ Deep Red 
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The world leader in serving science 

Advanced microscopy 
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Resolution limit 

Fluorophores are small 
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What is the diffraction limit & how do you bypass it 

PSF, Abbe & Rayleigh 

Abbe Resolutionx,y = λ/2NA 

Rayleigh Resolutionx,y = 0.61λ/NA  
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What is the diffraction limit & how do you bypass it 

PSF, Abbe & Rayleigh 

Abbe Resolutionx,y = λ/2NA 

Rayleigh Resolutionx,y = 0.61λ/NA  

Objective/NA 
d0 

(μm) 

D0 

(μm) 
n 

0.5x / 0.15 2.2 11.2 1786 

10x / 0.30 1.1 11.2 1786 

20x / 0.50 0.7 13.4 1493 

40x / 0.75 0.45 17.9 1117 

40x / 1.30 (oil) 0.26 10.3 1942 

63x / 1.40 (oil) 0.24 15.1 1325 

100x / 1.30 (oil) 0.26 25.8 775 

Resolution for Selected Objectives (550nm) 
 

 

http://zeiss-campus.magnet.fsu.edu/articles/basics/resolution.html 
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What is the diffraction limit & how do you bypass it 

PSF, Abbe & Rayleigh 

Alexa Fluor® 488 
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Distance (mm) 

Zeiss 710 META confocal, 1 Airy unit 

Microtubules are 25nm 

Appear ~200nm 

R=0.61 (519/1.4) 

R=226nm 

Abbe Resolutionx,y = λ/2NA 

Rayleigh Resolutionx,y = 0.61λ/NA  
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What is the diffraction limit & how do you bypass it 

PSF, Abbe & Rayleigh 

Alexa Fluor® 488 
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Distance (mm) 

Zeiss 710 META confocal, 1 Airy unit 

Microtubules are 25nm 

Appear ~200nm 

R=0.61 (519/1.4) 

R=226nm 

Abbe Resolutionx,y = λ/2NA 

Rayleigh Resolutionx,y = 0.61λ/NA  
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What is the diffraction limit & how do you bypass it 

PSF, Abbe & Rayleigh 

SIM 
(Lattice light sheet) 

SMLM 
(STORM, dSTORM, PALM, GSDIM) 

STED 

Bypass diffraction 

www.thermofisher.com/srm 
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The world leader in serving science 

SMLM 

STORM  with dye pairs Alexa Fluor® 405/Alexa Fluor® 647 and Cy®3/Alexa 

Fluor® 647. Xiaowei Zhuang, Harvard,  
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How SMLM techniques build a picture of the cell 

• Buffers facilitate controlled & efficient switching 

• A good dye switches in an efficient and controlled manner 

• What is a good dye? 

 

Buffers are key !!!! 



54 ©2015 Thermo Fisher Scientific. All rights reserved. 

Desired properties 

High # photon 

Low duty cycle (off) 

High survival fraction 

High # cycles 

What makes a good dye 

From Dempsey et al (2012) Nature Methods 8 1027-1036 
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Understand performance: SMLM 

Alexa Fluor™ Phalloidin 

dSTORM, Mike Davidson & John Allen FSU 

Alexa Fluor™ 568 

Alexa Fluor™ 660 

Alexa Fluor™ 680 

Anti a tubulin 

GSDIM, Jana Doehner, Zurich 
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Dye photoswitching tables 



57 

The world leader in serving science 

SIM 

SIM imaging of Hoechst 33342, CellLight® Mito-GFP & CellLight® Golgi-RFP 

Courtesy of Ian Clements,  GE Healthcare 
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For SIM see wide field observations 

Talley Lambert & Jennifer Waters, Harvard 

Alexa Fluor™ 405 Alexa Fluor™ 488 Alexa Fluor™ 532 Alexa Fluor™ 546 Alexa Fluor™ 555 

Alexa Fluor™ 568 Alexa Fluor™ 594 Alexa Fluor™ 633 Alexa Fluor™ 647 Alexa Fluor™ 680 

Alexa Fluor™ 546 
Alexa Fluor™ 555 
Alexa Fluor™ 568 
Alexa Fluor™ 594 

Frame number 
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Alexa Fluor™ 546 Alexa Fluor™ 555 

Alexa Fluor™ 568 Alexa Fluor™ 594 
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Stimulated emission depletion (STED) microscopy  

STED 

Relaxation 
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Excitation 

hEX 

Emission 

hFL 

Wavelength (nm) 

STED 
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A B Understand performance: STED 

CW STED, Jana Doehner, Zurich STED, Leica Microsystems, Germany 

Oregon Green™ 488 Alexa Fluor™ 532 


