Basic fluorescence toolkit



HW 4 posted

e Due next Fri (10/13)



e Last class
* FPs
e GFP/mCherry
e Exotic fluorophores
e Filters

e This class
e Basic applications of fluorescence
* Limitations
e Quantitation
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OD vs % transmission

OD = -log,,(Transmission)

1 OD =10% transmission, 20D = 1% transmission, 3 OD =.1% transmission
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Photoactivatable and photoconvertible GFPs
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Photoconversion Reactions in Optical Highlighters



Basic Applications

e Cell labeling
 Molecule labeling
 Molecule interactions



Cell labeling

e Put FP downstream of
cell specific promoter

Table 1 - Fromoters of tissue-specific expression of transgenes.

Promater Abbreviation Cell type of highest activity Reference
Meuron-specific enolase MNSE Neurones (12
Tubulin o T-a1 MNeurones (113)
Glialfibrillary acidic protein GFAFP Astrocytes (25,114,115)
Myosin light chain-2 MILC2 Cardionwocytes (116-118)
Preproendothealin-1 ET-1 Endothelial cells (119}
Tie tie Endathelial cells (1200
SM22a SM22a Vascular smooth muscle cells (1271}
al-Antitrypsin al-AT Hepatooytes (91,122}
Albumin ALB Hepatocytes (123)
Side-chain-cleavage enzyme SCC Steroidogenic calls (124,125}
Kidney-androgen responsive protein KAF Renal proximal tubular cells (126) %RRE
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Brainbow

e Used to resolve
individual cells in ven
dense samples

e Use stochastic Cre
recombination

a Brainbow 1.0
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triitochondriz alpha-tubulin

pErOxisomes beta-actin

Organelle [abeling

ce-tubulin

e Use targeting
sequence

amin B alpha-actinin clathrin
Targeting Gene/Tag  Fluorescent Protd lamin B1 2 |phiz- 2ctini clathrin

e Translated peptidecu.
before or after thg™ s FoFP2

Cleus NLS mKamalal
F P Nucleus NLS mCherry

Nucleus NLS YFP

Nucleus H2A mTurquoise2 pmTurquoise2-H2A

Non-nucleus Nuclear Export mTurquoise2 pmTurquoise2-NES
Sequence

Mitochondria ABCb10 GFP pABCb10-GFP

Mitochondria COX8A(1-29) mTurquoise2 pmTurquoise2-Mito

. Peroxisomal . pmTurquoise2-

Peroxisomes . mTurquoise2 -
Targeting Sequence Peroxi

Extracellular milieu cfSGFP2-N EGFP cfSGFP2-N
palmitoylation

Membrane sequence from EGFP pCAG-mGFP
GAP43

Membrane palmitoylation mTurquoise2 |:_)Palm|toy. |-
sequence from p63 mTurquoise?2

pTDpelB-

Periplasmic space

PelB signal sequence

YFP

C sfYFPTwinStrep



https://www.addgene.org/14893/
https://www.addgene.org/14894/
https://www.addgene.org/37354/
https://www.addgene.org/37341/
https://www.addgene.org/36207/
https://www.addgene.org/36206/
https://www.addgene.org/19031/
https://www.addgene.org/36208/
https://www.addgene.org/36203/
https://www.addgene.org/37533/
https://www.addgene.org/14757/
https://www.addgene.org/36209/
https://www.addgene.org/45944/

Protein labeling

Subcellular Localization of Fluorescent Protein Chimeras

Tubulin

e Can add it at the end
of a protein EBFP
sequence — get rid of

stop codon, and add
on the extra 700 AA.

 Can add localization
signals

Mitochondria

e Can put under a
promoter to look at
gene expression

(e) Figure 1 )



Immunohistochemistry i

kﬁoat anti-rabhit
)( Rabbit anti-A

* Protein localization on o ° o
fixed and permeabalized
samples

e Can do membrane staining
on live cells

* Necessary to buy
antibodies with labels
attached




Antibody production
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Issues with immunohistochemistry

BAD ANTIBODIES .-::cc-orihon o avoid them

e Antibodies don’t always do T N ey

W h at t h e Ia be | Sa S Binding Problem: An antibody is supposed
y site to recognize only its target protein,
but sometimes binds to others,

depending on the proteins present
in a sample.

Solution: An antibody should be

tested for off-target binding using
positive and negative controls.

* If you’re basing a research
project on antibody imaging,
make sure it’s targeting your
protein of interest

VARIABILITY

Problem: Separate batches of
antibody can perform differently.
This happens most often when the
antibody is produced from a new
set of animals.

Solution: Researchers should

- \ ) \ confirm lot numbers and
% characterization data with

vendors.

* Non-specific targeting,
incorrect targeting, batch to
batch variability a8 g WRONG APPLICATION

Problem: Different experiments
and experimental conditions
can change a protein's folding
and therefore its binding ability.

Poorly characterized antibodies probably contribute more to %

the problem than any other laboratory tool, says Glenn Begley, ¢ I soltions St shou
chief scientific officer at TetraLogic Pharmaceuticals in Malvern, T hrltii
Pennsylvania, and author of a controversial analysist showing % W

that results in 47 of 53 landmark cancer research papers could S
not be reproduced.


http://www.nature.com/news/reproducibility-crisis-blame-it-on-the-antibodies-1.17586%23b1

Molecule tracking
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proteins can be tagged with fluorescent

: Cytosol
proteins

graen fluorescent protein comarts blua light (488nm) into greaen light



Gene expression
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FISH (Fluorescence in situ hybridization

* Track nucleic acids in fixed cells

Fluorescence in situ hybridization (FISH)
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Limitations of fluorescent microscopy in
niology

e Bleedthrough
e Autofluorescence

e Photobleaching\Phototoxicity
e Labeling
* Quantitation



Resolution

e Always have to deal
with the diffraction
limit (though there are
a few tricks)

e Typically on the order
of 200-300 nm Point-Spread Function

Diffraction hmllted spot Resolution limit

d=_1 _0.614

R=—"
2NA NA



Molecule Excitation (nm) Emission (nm) Organisms| Reference

NAD(P)H 340 450 All 8l
l | O l | O re S‘ e I l ‘ e Chlorophyll 465, 665 673, 726 Plants
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=
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https://en.wikipedia.org/wiki/Excited_state
https://en.wikipedia.org/wiki/NAD(P)H
https://en.wikipedia.org/wiki/Autofluorescence%23cite_note-nad-8
https://en.wikipedia.org/wiki/Chlorophyll
https://en.wikipedia.org/wiki/Collagen
https://en.wikipedia.org/wiki/Autofluorescence%23cite_note-nad-8
https://en.wikipedia.org/wiki/Retinol
https://en.wikipedia.org/wiki/Autofluorescence%23cite_note-liv-9
https://en.wikipedia.org/wiki/Riboflavin
https://en.wikipedia.org/wiki/Autofluorescence%23cite_note-liv-9
https://en.wikipedia.org/wiki/Cholecalciferol
https://en.wikipedia.org/wiki/Autofluorescence%23cite_note-liv-9
https://en.wikipedia.org/wiki/Folic_acid
https://en.wikipedia.org/wiki/Autofluorescence%23cite_note-liv-9
https://en.wikipedia.org/wiki/Pyridoxine
https://en.wikipedia.org/wiki/Autofluorescence%23cite_note-liv-9
https://en.wikipedia.org/wiki/Tyrosine
https://en.wikipedia.org/wiki/Autofluorescence%23cite_note-tem-2
https://en.wikipedia.org/wiki/Autofluorescence%23cite_note-tem-2
https://en.wikipedia.org/wiki/Autofluorescence%23cite_note-tem-2
https://en.wikipedia.org/wiki/Autofluorescence%23cite_note-tem-2
https://en.wikipedia.org/wiki/Indolamine
https://en.wikipedia.org/wiki/Lipofuscin
https://en.wikipedia.org/wiki/Autofluorescence%23cite_note-10
https://en.wikipedia.org/wiki/Polyphenol
https://en.wikipedia.org/wiki/Fluorescence_spectroscopy%23Tryptophan_fluorescence
https://en.wikipedia.org/wiki/Flavin_adenine_dinucleotide
https://en.wikipedia.org/wiki/Melanin
https://en.wikipedia.org/wiki/Autofluorescence%23cite_note-11

Fluorophore bleedthrough

Bleed-Through Management in Fluorescence Protein Imaging

E s Absorption Spectral Profiles it Emission Spectral Profiles
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Photostability and phototomutv

e All fluorophores
photobleach

e |
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e Often generate free
radicals

Yeast feel visible light at sunlight intensities

Fluorescent Protein Photobleaching Properties

Emu
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Time-lapse acquisition of Hela cells expressing GFP tagged histone-2B. The
transmitted light and fluorescence images were simultaneously acquired in
the absence (4) or presence (B) of CLEM.



Quantitative phototoxicity

WT cells

Fraction of dead cells
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And on to Matlab...
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