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reporter genes
promoter fusions
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dynamics of protein imaging: FRAP,
photoactivable proteins, FLIM, FCS




WHERE YOU SIT IN CLASS/SEMINAR

And what it says about you:

Mearest Exit:
s Uncommitted

- __ Back Row:
Mid-Center: e £ Too cool for

"Bring it on.” £ [N [ .' 5 school

Front Row; =
Teacher's pet
wannabes

e * Against the wall:

“I'm sensitive.
Second-row sleepers: Please ignore me.’
Good intentions, bad narcolepsy

WWW.PHDCOMICS.COM 2

Proximity to Lecturer:

maAnas 0
T ITTTT]
REAAAS
TITTT
) AAARA
&
P A

Mo

front

How much you care

How sleepy you are




Promoter activity monitoring

LacZ, GUS
Luciferase
GFP




Reporter genes

 LacZ, GUS
 Luciferase
e GFP

some need external substrate, some not




LacZ, GUS - rhapsody in blue

promoter  [[NIIINESEZNNI  terminator

p-Galactosidase

H,O

5-bromo-4-chloro-3-hydroxyindole  galactose

l oxidation

' insoluble

insoluble blue 5,5'-dibromo-4,4'-dichloro-indigo
{5, 5'-dibromo-4, 4 -dichlore-1H, 1'H-(2, 2%hiindalylide ne-3, 3'-dione)

(in case of GUS - X-Gluc)




LacZ, GUS

LacZ/ GUS:

worm, mouse - LacZ, plants - GUS




L uciferase

Bioluminescence
HO
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O-Luciferin

Firefly
Luciferase
+ Mp2+

Ooeyluciferin

(used principle of chemiluminiscence)

What's difference between flurescence and luminiscence?




L uciferase




How does fluorescence work?




How does a fluorescence
microscope work?




Stokes shift
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How does a confocal
microscope work?
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What are advantages of confocal microscopy?




Live imaging

GFP discovery - Nobel Prize 2008
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Many fluorescent proteins on
the market (Tsien’s fruits)




Excitation and emission

Excitation and Emission Spectra of GFP Varants
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Multicolored fluorescent protein
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Promoter activity monitoring

choice of suitable reporter

e LacZ, GUS
 Luciferase
e GFP

accessibility, sensitivity, accuracy...




Promoter activity monitoring

 LacZ, GUS

— easy assay, also on sections, easy imaging
— substrate must diffuse, kills the organism

* |uciferase
— good quantification, very sensitive, no

autophluorescence
— substrate must diffuse, special machine, dark

. GFP

— good sensitivity, colocalization with other
dyes/promoters possible, no substrate needed

— only in vivo, autophluorescence, thin transparent
sample; it should be ER localized in plants




Luminiscent mouse better
than phluorescent mouse

In Vivo Comparison of Bioluminescence and Fluorescence (1.M.)
m Fluorescent signal is limited by tissue autofluorescence
® The bioluminescent signal level is - 300 lower, yet the signal to

background I 160x higher

Bioluminescence Fluorescence

, Background flux ~ 2.6 x 10% p/s
signal flux ~ 2.8 x 108 p/s
Signal/background ~ 1100
Min. detectable cells ~ 900

Background flux ~ 1.2 x 108 p/s
Signal flux ~8.3x 108 p/fs __
Signal/background ~ 6.7 e
Min. detectable cells 150,000

Left: 1 x 106 Hela-luc /PKH26 cells
Right: 1 x 10% Hela-luc cells




Promoter activity monitoring

Pros:




Promoter activity monitoring

Pros:

e easy to clone, easy to visualize

e usually some signal seen - cheers you up!
e can be used in less accessible organs

cons:

e [imited information about gene product (mRNA,
protein etc)

e needs cloning and transformation

e neglects regulatory elements (introns, UTRs
etc.)

e length of promoter given arbitrarily




Translational GFP fusions

N-terminal fusion

promoter - your gene terminator

C-terminal fusion

promoter your gene - terminator

fusion inside the coding sequence

promoter -ur gene terminator




GFP and membrane proteins

:
:

Y 2uy

It is good to
have GFP tag
localized inside
the cell (plants)




Expression of isoforms

1) YFP-YUCCA4.1 || GFP-Calnexin endoplasmic

reticulum

YFP-YUCCA4.2 § ST-CFP cytosol

YFP cDNA2

Not the best option available — can you guess?  kriechenbaumer et al 2011




Isn’t this better?

YUCCA4.2




Expression of isoforms
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Fluorescent protein fusion

Pros:

cons:




Fluorescent protein fusion

Pros:
* In vivo imaging

cons:
not always functional
transformation needed

transparent material (you can sometimes fix
GFP signal, however)

sometimes GFP artifacts (tag doesn’t allow
proper targeting)




Why to visualize all this stuff

PSHR :: GFP PSHR::SHR::GFP

promoter translational

Nakajima et al, Nature 2001




Why to visualize all this stuff

PSHR = .GFR

promoter

PSHR::SHR::GFP

translational

Ly
bkt

1 — epidermis
2 — cortex

3 - endodermis
4 — stele




Why to visualize all this stuff

PSHR :: GFP pPSHR::SHR::GFP

P

BANG! SHR moves from stele to endodermis

Nakajima et al, Nature 2001




Protein immunolocalization

Most favorite animals:
-rabbit (too many rabbits)
-mouse (low volume)
-goat
-chicken
-rat

_—— -sheep

organiem) -donkey
-guinea pig

2ndary: antirabbit from no-rabbit, antimouse from
no-mouse, etc.




Protein iImmunolocalization

immunolocalization - fluorescently

IHC-P IHC-Fr and ICC

Deparaffinization and dehydration Fix shidas

Kylene, Xylame 1,1 with 100% ethanal 4% PFA e 10 rran

100% athanaol down to 50 % athanal Cr Mathamal {ice cold) for 10 min
OrAcetone {ice cold) for 10 min

Antigen retrieval

Heal in catrate bulfler pH & 5 <20 min

Qr ‘H‘H’

Enzymafic {inypsin, proteinass K)

Block 5% serum or BSA for 30 min to 1 hr

sh in PES 0.2% Tween 4 imes for § minutes

(0.2% Trikon Toe 10 minutes
{not necessary if fixed in
acetone ar r"elr!annl_!

primary
antibodies

sh in PES 0.2% Tween 4 limes for 5 minutes

fluorescent
dye attached

secondary
antibodies ugated :

Iy




Protein iImmunolocalization

immunolocalization

Fluorescent dyes conjugated
to 2ndary (examples):

e FITC (obsolete)
e CY3, CY5
e Alexa (488, 568, 633)
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Protein iImmunolocalization

Pros:




Protein iImmunolocalization

Pros:

* no need to clone or transform or cross

* direct (if no tag used)

* allows sectioning (less accessible tissues)

cons:
* fixed material only
« excellent antibodies only, sometimes tricky




GFP tag partially retains PIN1 In
endoplasmic reticulum (-> artifact)

PIN1-GFP anti-PIN1




rotein localization - immunogold

immunolocalization - immunogold

coupled io a
al gold

ut 30 nm-
(10 nm gold

parcie)




Immunogold collocalization

1 ,;.=\.(5 nm gold partiéles) oskar 10 nm
nascent DNA (10 nm) Dhc 15 nm Tmll stage 9

Philimonenko et al 2000, and an unfortunate Cell paper



Pros/cons

Pros:
* direct
* nothing can beat the resolution

Cons:
* very tricky (needs rather expert)
* huge experience for interpretation needed




Can we visualize postranslational
modifications?




Also RNA can be
visualized

Budding yeast
Ash1 mRNA

J

B C
Drosophila embryo Xenopus oocyte
Vg1 mRNA
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B-actin mRNA
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Localization of mRNA
RNA hybridization in situ

cDMA complementary

/ to specific mRNA

rrheTHTT Holes in the el

made by detergent
Cell
membrane

[Drigoxigenin

) label on uridine
| s
| ] ] mRNA

I. Add digoxigenin-labeled probe
BOXIE

o

;

Alkaline phosphatase

\
o

2. Add alkaline phosphatase-conjugated

antibody

B 000 S ey Aarcooabes, fna

Colorless compound
that becomes purple
dye when phosphate
is removed

3. Add chemical that becomes a dark
purple dve when phosphate 1s removed;
dye colors the cell.

B 0] St et Pl




Visualization of mRNA
RNA hybridization in situ

Pros
e classical technique in developmental biology
e NO transgenes needed

Cons
e tedious, tricky, no success guaranteed
e only on fixed samples

For shorter RNAs (miRNA etc.):
e LNA probes needed




Single-molecule detection using multiple probes

- ~ 48 oligonucleotide probes provide sufficien signal to detect
a single mRNA molecule

d 48 probes 128 probes
bl 4 ) a L] . . ‘

B0-nt repeal
GFP coding sequence 3 UTR

b 3"UTR

Raj, A., van den Bogaard, P., Rifkin, S.A., van Oudenaarden, A., and Tyagi, S. (2008). Imaging
individual mRNA molecules using multiple singly labeled probes. Nature Methods 5, 877-879.




Also mMRNA can be
visualized In vivo

Ash1l mRNA localized to the tip of the daughter cell




AN,, system — RNA imaging
IN VIVO

nuclear localization signal

viral RNA

binding
protein




Drawbacks of AN,, system
- we have SPINACH

GACGCAACUGAAUGAAA
UGGUGAAGGACGGGUCC
AGGUGUGGCUGCUUCGG
CAGUGCAGCUUGUUGAG
UAGAGUGUGAGCUCCGU

AACUAGUCGCGUC

RNA fusion

Phase
Hoechst

Sucrose

+ Sucrose

blue-DNA green-RNA Paige et al. 2012




Song et al. 2014
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Advanced confocal techniques

Our new microscope comes with
five fluorescent filters, new condenser
mechanism, dark-bright field,
stereovision, automated sensor..

Does it also come in pink?




(slightly) Advanced confocal
techniques

 FRAP
* photoactivatable FP
« FCS




FRAP

Fluorescence Recovery After Photobleaching

region of interest (ROI)

Pre-bleach Bleaching ROI Post-bleach Fluorescence recovery




Pre-bleach Bleaching ROI Post-bleach Fluorescence recovery

you can quantify fluorescence..
(Imagel] is our friend)

0 20 40 60




FRAP — bleaching curve

What does the curve tell?

rFrrrlrJri
0 20 40 60 80 100
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Fluorescence intensity

Recovery time Recovery time Recovery time




FRAP — bleaching curve
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0 20 40 60 80 100
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highly maobile intermediate immobile

Fluorescence intensity
Fluorescence intensity
Fluorescence intensity

Recovery time Recovery time Recovery time




IFRAP

inverse FRAP

0 20 40 60 80 100
Time (sec)




IFRAP — dissociation of
premRNA from specles

e Pre-bleach Bleach




FRAP derivatives
FLIP

Fluorescence Loss After Photobleaching

continuous bleaching here

e bleaching process is repeated during the experiment
e for studying general protein turnovers in compartments
e is there a fraction of protein which does not leave the bright

green patches?




FRAP derivatives
FLAP

Fluorescence Localization after Photobleaching

e two fluorochromes on one protein— one bleached, non
bleached as control




Perhaps better scheme than
previous

CFP not bleached
\ /

P
——
_ ANy
t'_f \
: [\ ! 7 4
1 5
SV

C prebleach d after bleach —CFP-YFP

YFP bleached

T
- I#‘IF J‘ f ILI.

| ..I,‘l,,,dh-’-,ﬂ-'n-rm..w~ gt it - Vi, i W Ay -

Dunn et al. 2002




FRAP - advantages

» not only proteins (also other dyes)

* tells you more than simple life imaging
movie




FRAP — pitfalls

your cells are moving

high energy needed to bleach the ROI
— long time needed to bleach
— can damage your material

usually only one ROI can be observed —
time consuming

for gourmets perhaps awkward (although
more reliable and robust)




Photoactivable
fluorescent proteins

d PIN2-EosFP b PIP2-EosFP

photoactivation
(UV)

aquaporin PIP2
undergoes
lateral difussion




Photoactivable proteins

Protein : g

g — - ~

Hepeated = y eLlt e
short-te rl]ll Acking pRg e rakiu RLSLAE

PAmMRFP1 mEosFP PA-GFP P5-CFP2 Kaede KFP1
FHTIEr r'..-";_."._:":-- Ar M HET h 1 NoImeEr I|-'_'_|"=_I :u,-!l' AT
Ireversible Ireversile  Ireversible Ireversible (nreversible

Fluorescence
changes during
photoactivation

High brightness

High contrast

Dual labelling with
red and green o
fluorescent proteins

Low phototoxicity of
the activation light

opyTight & (20 5 Mature Publis {aroup
Nature Reviews | Mulecular CEH Bmlﬂgy

Dronpa, Kaede, Eos — probably most popular




Photoactivable proteins

Advantages:
-elegant, can be convincing

Disadvantages:
-very weak signal
-each material needs optimization




Remarks

* your material is 3D

» protein de novo synthesis in some
experiments (e.g. cycloheximide stops
translation)




FLIM

Fluorescence Life Time Imaging Microscopy

Fluorochromes
e excitation spectra
e emission spectra

e unique lifetime




FLIM - applications

TCPSC histogram

\
|

|".7I I
15 20

Time [ns]




FLIM - applications

Lifetime sensitive to almost everything:
° pH

e jonic strength

e solution polarity

e other fluorochrome

Protein-protein interactions
(FRET-FLIM) (other lecture)




» 4 ~¥ g -
' " /e . i 0
- . G X Q\zﬂ L)r.i

500 pm~ - 0

500 um Q) oy e,
" 74mM NaCl | ~ 9 mM NaCl

indeed, salt changes fluorophore life time
(American cockroach glands)

Trautmann et al. PicoQuant Application note 2013




FLIM - discrimination of
autofluorescence

25 ns

(be careful with the interpretation)

Q: What is easier
experiment to confirm
autofluorescence?

Dovzhenko, TrautmannPicoQuant Application note 2013
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FLIM

* need to have experience

* need to have special module on your
confocal




FCS

Fluorescence Correlation Spectroscopy

Molecules
diffuse in
and out of
confocal

5]
autocorrelation analysis ,/ <I(t) I(t + r))
Gitls G(T) = 2 -
Slowaer <I(t)>
——— o diffusing
Gl0l-1/N ", species
Faster
diffusing ™
specias

fog (timae)

axcitation Average intensity (/]
valume \
- =

Time

It is counted,
how many times
the fluorescent
molecule comes
through the
focal plane.

Autocorrelation
analysis: the
way how to
discriminate the
diffusions
speeds of
particles.




FCS

PRI BRI I TOTIT HEPUTTe M - 3-dimensional diffusion 1.6+
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active transport 1.4- .
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- ~ (06-
S O
E 0.4+ diffusion
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s 02
. 0.0
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Schwille und Haustein




FCS (FCCS)

fluorescence cross-correlation spectroscopy

i (o) e +2)
Oecl? <% t»% )

Digman and Gratton 2011
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Photon bunching,
If someone would ask

Photon detections as a function of time for a) antibunched, b) random, and ¢) bunched light




