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Important aspects in microscopy

image qualit




Reminder: Important aspects in microscopy:

* Magnification

* Image quality — aberrations, alignment,
illumination condition etc

e Resolution
* Contrast

»

/° Contrast is necessary to detect/differentiate details from \
background.

e Contrast can be achieved when the captured light from an
object has different in intensity or color (= wavelength) from

\ the background light. /




Reminder: Contrast in Bright-Field Microscope

Why is the contrast low?

Most of the biological samples (e.g. cell, tissue etc..) are optically thin and transparent:
=>» They do not absorb, scatter etc.. 2 we get low contrast w.r.t. background

=>» They are hard to see!!
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Living Cells Brightﬁel:i snd thse antiast ‘ Unstained and Stained Specimens in Brightfield lllumination
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Contrast depends on the difference between the
sample brightness and background brightness



Contrast in microscopy

* For transparent specimens, contrast can be improved
using various microscopy methods:

* Bright field microscope (suffers from low contrast)
» « Stained Specimens (improves contrast)



Before oil, cotton was the world’s one of the
most traded (and oldest) commodity

 Clothing & textile
. R S *\‘”?ﬁl}\




Textiles drove the development of another industry:
dyes & chemicals




Germany dominated the chemical industry

By the end of the 19t century (late 1800s)

* Historical collection of > 10,000 dyes at
Technical University Dresden, Germany.



Side benefits of dyes for microscopy =2 staining
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Congo red, which was a cotton dye,
used for staining axons & amyloids




Staining methods for histology were
revolutionary in medicine

. _ L * First malaria treatment using synthetic dye
* Staining provides contrast with high methylene blue by Paul Ehrlich.

resolution . o
e Paul Ehrlich won 1908 Nobel prize in

* While many dyes were initially from medicine for work in immunology
natural materials (i.e. haematoxylin from
tropical logwood), chemical synthesis
starting in 19t century was transformative

* Invented the precursor
technique to Gram
staining bacteria.

* His methods for staining
the tissue made it possible
to distinguish between
different types of blood
cells, which led to the
capability to diagnose
numerous blood diseases.

* Mauveine —a.k.a aniline purple and
Perkin’s muave: the first synthetic organic
chemical dye discovered by Henry Perkin
in 1856, at age 18.

'
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Henry Perkin
1838-1907

ram Positive Bacteria Gram Negative Bacteria
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https://en.wikipedia.org/wiki/Gram_staining
https://en.wikipedia.org/wiki/Hematology

Contrast in microscopy

* For transparent specimens, contrast can be improved
using various microscopy methods:

. Bright field microscope (suffers from low contrast)

e  Staining technique (improves contrast) - Labelled techniques

; uses tags, dyes, stains
» *  Fluorescence microscopy ( gs, dy )

\

. Dark field microscopy

*  Phase contrast microscope

- Label-free techniques

. Differential Interference Contrast (DIC) microscopy
> - covered in MICRO-562

. Polarization microscopy




Fluorescence microscopy:
high contrast imaging technique

. Fluorescence provides:
- High contrast
- High specificity
- (semi) quantitative monitoring

Implementation

Non-fluorescent molecules & entities are
tagged with a fluorescent dye or
fluorochrome in order to make them visible.

By fluorescence microscopy:
- Specificity can be achieved at the
molecular level. Bovine pulmonary artery endothelial cells under fluorescence

- The amount, intracellular location, microscopy (Wikipedia) :

* Nuclei are stained blue with DAPI

and movemen_t Of macrpm0|eCU|eS, * Microtubules are labelled green by an antibody bound to FITC
small mEtabO“teS, and ions can be * Actin filaments are labeled red with phalloidin bound to TRITC

studied.



A variety of fluorescence microscopy technique exists

‘ * Conventional fluorescence microscopy

* FRET (Forster resonance energy transfer)

* TIRFM (Total internal reflection fluorescence microscopy)
* FRAP (Fluorescence recovery after photo bleaching)

* FLIM (Fluorescence lifetime imaging microscopy)

* FLIP (Fluorescence loss in photobleaching)

* FLAP (Fluorescence localization after photobleaching)

* FISH (Fluorescence in situ hybridization)

* FCS (Fluorescence correlation spectroscopy)

* Confocal

* Two photon & multi-photon microscopy

e Super resolution fluorescence microscopy

* A strong feature of fluorescence microscopy is that the signals making up an
image are “molecule-specific”.

* With the addition of time-lapse methods, it is possible to track time-dependent
changes of molecules & dynamic molecular events.




Fluorescence microscopy

* In order to understand basic fluorescence microscopy, we will discuss:

-

Principles of fluorescence emission & excitation

Properties of fluorescent dyes

Different types of fluorescence markers

The important optical components

Filters and filter sets
Excitation Sources
Detectors

Also, their proper positioning in the optical train of the microscope



Dichroic mirror

Fluorescence microscopy
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In order to explain fluorescence
we have to treat light as “photons”



Hierarchy of Theories in Optics

AWV Photons
Quantum

Optics _ EM Waves
lectromagnetic

Optics

Wave Optics \“/' Waves

Ray Optics

Until about 1900, the wave theory of light described most
observed phenomena such as diffraction, interference, etc.




Wave theory & wave phenomena (diffraction, interference ...)

* Thomas Young carried out his original double-slit
experiment with light in 1801, showing that the waves
of light from the two slits interfere to produce a
characteristic fringe (diffraction) pattern on a screen.

* Wave theory of light explained well interference &
diffraction phenomena.

Thomas Young
1773-1829

* Maxwell’s equations: He unified a set of known
experimental laws (Faraday's Law, Ampere's Law) into a
set of equations, and formed the foundation of classical
electromagnetism (E& M) and classical optics.

* Maxwell was one of the first to determine the speed of
propagation of electromagnetic waves was the same as
the speed of light - hence to conclude that E&M waves
and visible light were the same thing.

James Clerk Maxwell
1831-1879



Hierarchy of Theories in Optics

Quantum ANV Photons
Optics

/ Electromagnetic \W( EM Waves
Optics
Wave Optics \“/'
Waves

Ray Optics

Until about 1900, the wave theory of light described most observed
phenomena such as diffraction, interference, etc.

..... but it was not successful in explaining some experimental
observations specifically at atomic & molecular level.




Quantum nature of light...

Photoelectric Effect:

When light is incident on certain metallic surfaces (i.e.

sodium), electrons are ejected from the surface.

Electrons
gjected
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The emitted electrons are called photoelectrons.
The effect was first discovered by Hertz.

The successful explanation of the effect was given
by Einstein in 1905. Einstein received Nobel Prize
in Physics in 1921 for “his services to Theoretical

Physics, and especially for his discovery of the law
of the photoelectric effect”.

Heinrich Hertz
1857-1894

Albert Einstein
1879-1955



Observation of the Photoelectric Effect

* Electrons are attracted to the nucleus by the electrical force. In metals, the

outermost electrons are not tightly bound, and can be easily “liberated”. -l

 How can we deliver energy to the metal and “liberate” the electrons (thus

generate “photocurrent”) with light?

“Classical” | Energy « |E|?

What if ?

Increase energy by
increasing amplitude
Emit electrons ?
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Emit electrons ?
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Yes

Yes

No electrons were emitted until the

frequency of the
a critical frequency!

light exceeded



Quantum Optics

* Einstein’s gquantum theory explains this observation:

e Light is constituted of photons.

* Photons must have sufficient energy to “free” the electron from the atom in metal.

* Increasing the field amplitude (i.e. intensity) simply increases the number of light
particles, but it does NOT increase the “energy” of each one.

* The energy of these light quanta is related to the frequency. This is why higher
frequency light can knock the electrons out of their metallic atoms, but low frequency

light cannot.

Planck—Einstein relation

E=hv=hc/A=hw

Max Planck
1858-1947

angular

Planck’s constant: 6.6 x 10-34J-s wavelength
frequency



107 nm

10" nm -

1 nm

10 nm -
100 nm

10 nm=1pm 7
10 um

100 pm

1000 m=1mm™
10 mm =1 cm
10 cm

100 cm = 1 m -
10 m

100 m
1000 m = 1 km
10 km
100 km

Electromagnetic Spectrum

X rays

Ultraviolet Violet
.~ Radiation Blue

Green

) \ ) Yellow
Visible Light Orange
Red

Infrared 700 nm
Radiation

Microwaves

Radio Waves

Shortest wavelengths
(Most energetic photons)

E=hc/A

h = 6.6x10-34 [J*sec]
(Planck’s constant)

Longest wavelengths
(Least energetic photons)




Photon (light) absorption

e A quantum mechanical system can only take on discrete values of energy.

Energy Excited States

Ground State

A * These discrete values correspond to energy levels.

The energy levels are described in electron volt (eV):
1239.84 (eV.nm
E(eV)= (cV.nm)
A(nm) 1eV=1.602x10"19 joule

» After absorbing energy: An electron can jump from the ground state to a higher
energy excited state, hence leaving a hole in the lower energy level.

 Absorbed energy can be delivered optically, electrically, chemically.

In fluorescence
microscopy, absorbed
energy is provided
optically (i.e. by photon
absorption)

2-level system

photon Es
after >
® E,

absorption



Photon & in a 2-level system

— —
photon Es A ¢
after > after >
9 E, S

In exited state

after absorbing energy, an electron jumps from the ground state to a
higher energy excited state, hence leaving a hole in the lower energy level.

=>» In fluorescence microscopy absorbed energy is provided optically (i.e. by photon absorption)

: If the electron goes back to lower band (or ground state) and combines with
the hole, it can radiate the energy by generating a photon.

=>» If there is no loss in the system, the emitted photon will have an energy of:

AE=E,-Ej=hv=h ¢/A = hw



Basic Principles of Fluorescence

Fluorescence is a result of a three-stage process that occurs in some molecules
called fluorescent molecules (dyes), which are known as fluorophores or
fluorochromes.

1. Absorption (a.k.a. excitation): Photon

from a source is absorbed by electron in s,
the probe (dye), creating an excited e
electronic state S,. A 51

Rapid decay >.

(o14)
from excited electronic states of S, to 3 Wex(1) (3) hve,
emitting energy level S, (singlet or triplet - 7444\ N/
excited state) S
0 y

3. Fluorescence emission: A photon with
lower energy is emitted while the dye
returns to ground state S,,.

* This scheme simplifies the process.
* In arealistic dye the atomic absorption and emission spectra are
broadened into bands.



Photon absorption & emission

* Atoms: absorption & emission occurs at specific wavelengths.

* Molecules: Electronic and nuclear vibrational motions interact (i.e. couple) with each other
=>» These molecular vibrations broaden the spectrum.
=>» Absorption and emission occur over a spectral band.

~

| \ Absorption A Emission

Atoms

h
Sharp line
(especially at low %[\A W

spectrum
pressure & gas phase)

*
—>
| A Absorption Emission
_—+
Molecules Broadband
= Spectrum

A\



Processes in Fluorescence

Energy level diagram: S,

Excited states

Non-radiative relaxation

A
Sl

Excitation Fluqre_scence Emission
higher energy %\ (radiative relaxation/decay)
less energy

Ground state S0 . v

Excitation

\ (Absorption) Emission

~

Fluorescence can be excited
by a source within the
excitation spectra of the dye.

\ 4

E=hv=hc/A=hw



Stokes shift

* There is a difference in energy between the emitted and the absorbed photons.

* The fluorescence light is red-shifted with respect to the absorbed light. Therefore, the
wavelength of fluorescence light is longer than that of the excitation light.

* This shift between the excitation and the emission spectra is called Stokes Shift.

- Absorption Emission

Sir George Stokes
1819-1903

450 500 550 600 650 700

Wavelength (nm)

Absorption and emission spectra of Rhodamine 6G has ~25 nm Stokes shift

* Alarge Stokes shift allows a good wavelength separation of excitation and emission spectra.
* Bigger Stokes shift provides better signal to noise in fluorescence because of filter efficiencies.
* Solvents and excited state reactions can affect the magnitude of the Stokes shift.



Additional processes

4 SZ A
Excited <
singlet states Inter System
A Crossing Excited Triplet states
. S
1 Fl K
1y, ADS ||IN 7 NR
Phosphoresence Emission
Ground level So - - v V—

The excited electron may spontaneously reverse its spin. This process is called
intersystem crossing (IC). It results in electron transfer to the triplet states.

Phosphoresence: return from a triplet excited state to a ground state, (electron
requires change in spin orientation).

Additional non-radiative relaxation: processes that lead to the energy loss (thus
relaxation) without generating radiation (thus creating photon/light).



Jablonski Diagram

 Combination of multiple different processes are presented in Jablonski diagram

S, A
Excited singlet states Aleksander Jablonski
Excited 1898-1980
n ISC Triplet states
Sl e > T
Abs o 1
NR
" @\J NR o
Phs
] ; ; ; .~ -15
Ground level So - Absorptlon/exutatlgn. 10> s
-® (instantaneous)

* Emission rates of fluorescence are several orders of

magnitude faster than that of phosphorescence. Fluorescence: 10 s most typical

* Non-radiative processes may compete with
fluorescence if their rate is similar to that of

fluorescence.



Important Fluorescence Terms

Excitation (absorption) spectrum _‘ Stokes shift
Excitation (absorption) wavelength - N
Emission spectrum I
Emission (fluorescence) wavelength
Stokes shift

Emission

Extinction (absorption) coefficient

Quantum efficiency (quantum yield) 450 500 550 600 650 700
Bri ghtn ess Wavelength (nm)

Fluorescence life-time: radiative lifetime & non-radiative lifetime

Blinking
Quenching
Photobleaching



Intensity

Fluorophore absorption

Green dye in cuvette

| . After absorption
ou

in
Beer-Lambert law:
IT,=I,exp(-eLc)

nght absorbed Iabsorbed - Iin - IouT

L: absorption path length (in cm)
c: concentration of the absorber (in M or mol.Lt) (molar concentration)
€: molar absorption coefficient (in M*cm™ or molt.L.cm)

— a.k.a molar extinction coeff, molar absorptivity

- intrinsic property
Examples:
Fluorescein: €~ 70,000 M1.cm

eGFP: €~ 55,000 M-t.cm™?

v

Wavelength



Fluorophore absorption & emission

Green dye in cuvette

Light absorbed

Stokes Shift

490nm ‘_’{

520nm

Green light emitted

|| "emitted

v

Wavelength

Quantum Yield
Q = Iemitted /labsorbed
= #phOtOnSemitted/#phOtonsabsorbed

(Iabsorbed = Iin - Iout)
Examples:
Fluorescein Q~0.8
Rhodamine B Q~0.3
eGPP Q~0.6



Characteristics of fluorescent dyes

* Quantum yield of fluorescence, @, is defined as:

_number of photons emitted O — K.
o= =
number of photons absorbed f Z k
Here:
k.., is the radiative rate constant
K.on-raq 1S the non-radiative rate constant

Yok =Y(krqq + knon—raq) is the sum of the rate constants that depopulate the excited state

By definition, the rate constant is given by k = 1/t, where tis the lifetime.

1

Radiative lifetime 7, is related to k ,y0s: 7 =

rad
1.00

Fluorescence lifetime:
It is the average time the molecule stays in the Exciting Pulse
excited state (time delay between absorbance and
emission) before emitting, and it is controlled by
the total rate as:

1 1

T = =

| Z K (knon—rad T krad ) ’

Fluorescence

Intensity

lle

Time



Characteristics of fluorescent dyes

* Quantum yield of fluorescence, D, is defined as:

number of photons emitted Kkrad Kraa Ty
number of photons absorbed 2k (kraa + knon-raa)  Trad

k.4 is the radiative relaxation rate
K. on-raq 1S the sum of all non-radiative relaxation rates

T;is the excited state lifetime (fluorescence lifetime)
T.,41S the radiative lifetime

 Quantum yield of fluorescence can be affected by the biological
environment

e Lifetime is also sensitive to biochemical microenvironment, e.g. local pH or
binding



Fluorophores

Question: Which dye is better?
Answer: The bright dye

Brightness ~ €Q

1 - absorb well (high € )
2 - emit well (high Q)

Examples:
Fluorescein: 0.8 * 70,000 = 57,000
Rhodamine 0.3 * 90,000 = 27,000



Example: Properties of fluorescent protein variants

Fluorophore brightness = €eQ

Table 1 Properties of novel fluorescent protem variants

Fluorescent Excitation Emission Extinction coefficient Fluorescence Brightness of fully mature to.s for maturation o s for
protein maximum (nm)  maximum (nm) \_ per chain® (M- 1|:rrr1}I guantum }.rlelu:l protein (% of DsRed) pka at 37 °C bleacht, s
~——————
DsRed 558 583 ?U.EDD D_?':“r 100 4.7 ~10h ND
Tl 5565 584 38,000 0.51 33 4.8 =<1lh ND
Dimer2 5b2 579 69,000 0.69 a0 4.9 ~2 h ND
mRFP1 584 607 50,000 0.25 21 4.5 <1lh 6.2
mHoneydew 487/504 537/662 17,000 0.12 3 < 4.0 ND 5.9
mBanana 540 553 6,000 0.70 7 6.7 lh 1.4
mOrange 548 562 71,000 0.69 83 6.5 25h 6.4
dTomato 554 581 659,000 0.69 a0 4.7 lh 64
tdTomato 5b4 581 138,000 0.69 160 4.7 lh 70
mTangerine 568 585 38,000 0.30 19 5.7 ND 5.1
mStrawberry 574 5596 50,000 0.29 44 =<d4.5 50 min 11
mCherry H87 610 72,000 0.22 27 <4.5 15 min G8

3Extinction coefficients were measured by the alkali denaturation method®3? and are believed to be more accurate than the previously reported values for DsRed, T1, dimer2 and mRFPL7.
"Time (s) to bleach to 50% emission intensity, at an illumination level that causes each molecule to emit 1,000 photons's initially, that is, before any bleaching has cccurred. See Methods for

more details. For comparison, the value for EGFF is 115 s, assuming an extinction coefficient of 56,000 M

DsRed
mRFP1
eGFP

€Q~ 75,000 x 0.79 ~ 59,250 M-t.cm?
€Q ~ 50,000 x 0.25 ~ 12,500 M1.cm?

€Q ~ 56,000 x 0.6 ~ 33,600 M1.cmt?
Fluorescein €Q~ 70,000 x 0.8 ~ 56,000 M1.cm™

(100%) reference
(21%)
(57%)
(95%)

L and quantum efficiency of 0.60 (ref. 30). ND, not determined.

DsRed from

Red Discosoma corals




Summary: Important Fluorescence Terms

Excitation (absorption) spectrum =» its peak gives the excitation (absorption) wavelength
Emission spectrum = its peak gives emission (fluorescence) wavelength

Stokes shift: The difference in wavelength between the excitation & emission peak wavelengths

Extinction coefficient: A measure of how much light will be absorbed by a given dye/probe
concentration and specimen thickness.

Quantum efficiency (yield): Ratio of light absorbed to fluorescence emitted 2 0-1 (0 - 100%)

Brightness: extinction coefficient * quantum yield

Fluorescence life-time: decay time of a photo-excited fluorophore from excited state to
the ground state



Additional Important Fluorescence Terms

Blinking:

Occurs during continuous excitation of a fluorescent molecule where the emission transitions
between “on” and “off” states, like twinkling stars in night.
The exact underlying mechanism is not well understood.

Quenching:

Arises from variety of competing processes that induces non-radiative relaxation (i.e.
without photon emission) of excited state electrons to the ground state.

These non-radiative transition pathways compete with the fluorescence relaxation, thus
resulting in reduced or even complete elimination of the emission.

A wide variety of basic elements and compounds can behave as quenching agents (i.e. 02,
halogens, amines, some polymers, many organic molecules..)

Photo-bleaching (also termed as fading):

In contrast to blinking & quenching, photo-bleaching occurs when a fluorophore
permanently loses its ability to fluoresce due to photon-induced chemical damage and
covalent modification.

The average number of excitation & emission cycles that occur for a particular fluorophore
before photo-bleaching is dependent upon the molecular structure & the local
environment.

Some fluorophores can bleach quickly after emitting only a few photons, while others can
be more robust and undergo thousands or even millions of cycles before bleaching



Cycle of a fluorophore

Qicmscope Objective)

Sample

&
| SN »
’ __% » % 4

Excitation Emission
cﬁ,{é%f — 4 - £ — Q — £ Bleached
Non- Excitable A photon  Excited A photon ‘@’

Excitable Fluorophore is fluorophore is emitted: Nor-

Fluorophore (In Focus) absorbed fluorescence - E:nbl
(Not in Focus) < — > xerable
Fluorescence lifetime ~10ns Dye

(Not in Focus)
Kk times

From Michael Liebling, UCSB



Photobleaching

100 \--_.

‘m 80 \\ .

5 || ‘I'.‘ ——-_“-‘___
Eg \ N\
® O 60 W

o ® \ .
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8L . . Oregon Green 488
D 40 "
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Scan repetition

Photobleaching resistance of the green-fluorescent Alexa Fluor 488, Oregon Green 488 and fluorescein dyes, as determined by laser-scanning cytometry. EL4
cells were labeled with biotin-conjugated anti-CD44 antibody and detected by Alexa Fluor 488 (511223), Oregon Green 488 (S6368) or fluorescein (S869)
streptavidin (Section 7.6). The cells were then fixed in 1% paraformaldehyde, washed and wet-mounted. After mounting, cells were scanned 10 times on a
laser-scanning cytometer; laser power levels were 25 mW for the 488 nm spectral line of the argon-ion laser. Scan durations were approximately five minutes
apiece, and each repetition was started immediately after completion of the previous scan. Data are expressed as percentages derived from the mean

fluorescence intensity (MFI) of each scan divided by the MFI of the first scan. Data contributed by Bill Telford, Experimental Transplantation and Immunology
Branch, National Cancer Institute.

A good dye is more photo-stable, thus it photo-bleaches less.



Photobleaching

Alexa 488

Fluorescein

after
30 seconds

* Bovine pulmonary artery endothelial cells (BPAEC) were labeled with fluorescein phalloidin (left panels, Cat. no. F432), or
Alexa Fluor® 488 phalloidin (right panels, Cat. no. A12379), which labels filamentous actin, and mounted in PBS.

* The cells were placed under constant illumination on the microscope with an FITC filter set using a 60x objective.

* Images were acquired at one-second intervals for 30 seconds.

* Under these illumination conditions, fluoresce in photobleached to about 20% of its initial value in 30 seconds; the
fluorescence of Alexa Fluor® 488 phalloidin stayed at the initial value under the same illumination conditions.



Example: Properties of fluorescent protein variants

Photobleaching characterization

Table 1 Properties of novel fluorescent protein variants

Fluorescent Excitation Emission Extinction coefficient Fluorescence Brightness of fully mature to.s for maturation o s for
protein maximum (nm)  maximum (nm)  per chain? (M-1¢cm-1)  guantum yield protein (% of DsRed) pka at 37 °C bleacht, s
s —
DsRed 558 583 75,000 0.79 100 4.7 ~10h ND
Tl 5565 584 38,000 0.51 33 4.8 =<1lh ND
Dimer2 5b2 579 69,000 0.69 a0 4.9 ~2 h ND
mRFP1 584 607 50,000 0.25 21 4.5 <1lh 6.2
mHoneydew 487/504 537/662 17,000 0.12 3 < 4.0 ND 5.9
mBanana 540 553 6,000 0.70 7 6.7 lh 1.4
mOrange 548 562 71,000 0.69 83 6.5 25h 6.4
dTomato 554 581 659,000 0.69 a0 4.7 lh 64
tdTomato 5b4 581 138,000 0.69 160 4.7 lh 70
mTangerine 568 585 38,000 0.30 19 5.7 ND 5.1
mStrawberry 574 5596 50,000 0.29 44 =<d4.5 50 min 11
mCherry H87 10 72,000 0.22 27 <4.5 15 min G8

3Extinction coefficients were measured by the alkali denaturation method®3? and are believed to be more accurate than the previously reported values for DsRed, T1, dimer2 and mRFPL7.
“Time (s) to bleach to 50% emission intensity, at an illumination level that causes each molecule to emit 1,000 photons's initially, that is, before any bleaching has cccurred. See Methods for

more details. For comparisen, the value for EGFP is 115 s, assuming an extinction coefficient of 56,000 M—tem—! and quantum efficiency of 0.60 (ref. 30). ND, not determined.

Shaner et al, Nature Biotechnology, 2004



Outline

* To understand fluorescence microscopy we need to be familiar with:
- Basic principles of fluorescence
- Properties of fluorescent dyes
mm) - Different kinds of fluorescence markers
- The important optical components
- Filters and filter sets
- Excitation Sources
- Detectors
- Also, their proper positioning in the optical train of the microscone
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There are different types of fluorescence probes

=

Organic fluorophores:
1. Synthetic dyes

Inorganic fluorophores:
1. Lanthanides

2. Quantum dots

Probes, markers, labels, tags, dyes ..



Synthetic Dyes: fluorescent markers

* These dyes are typically small molecules with molecular
weight < 1000 Da [Dalton ]

* Small molecule dyes penetrate easily through cell
membranes.

* Small molecule dyes minimally disturb the molecule that
they are attached to.
- Example: They are widely used in DNA staining where
small DNA molecule folding or hybridization can be
disturbed by larger marker molecules.



Examples of commonly used dyes in biomicroscopy

Rhodamine dyes Fluoresceines Cyanines Coumarins
NS WP b
Ny O o \WA / h o N0

) N

rhodamine B fluoresceine Cy3 coumarin 440
Aaps=242Nm Aaps=489nm Aaps=046Nm Aaps=394Nm
dem=279NM dem=234NM dem=271NM tem=434NM

Q=0,50 Q=0,73 Q=0,15 Q=0,73

e = 106’000 M-icm?t e=92'300 Micm?t e=271'000M-icmt e=23'500M-1cm-?



Synthetic dyes can come almost in every color!

Table of some characteristics of fluorophores used in fluorescence

microscopy and also in flow cytometry:

Probe Ex (hm)

Reactive and conjugated probes

Hydroxycoumarin
Aminocoumarin
Methoxycoumarin
Cascade Blue
Pacific Blue

Pacific Orange
Lucifer yellow

NBD
R-Phycoerythrin (PE)

PE-Cy5 conjugates
Ex: Peak excitation wavelength (nm)

Em: Peak emission wavelength (nm)
MW: molecular weight

Em (nm) MW Notes

331 Succinimidyl ester
330 Succinimidyl ester
317 Succinimidyl ester
596 Hydrazide

406 Maleimide

294 NBD-X

240k

aka Cychrome, R670,
Tri-Color, Quantum Red

From Salk Institute CCMI (Flow Cytometry)



Synthetic dyes can come almost in every color!

Probe Ex (hm Em (nm MW

Reactive and conjugated probes

PE-Cy7 conjugates

Red 613

PerCP

TruRed

FluorX 587
Fluorescein 389
BODIPY-FL

TRITC 547 572 444
X-Rhodamine 570 576 548
Lissamine Rhodamine B 570 590

Texas Red 625
Allephycocyanin (APC) 104 k

APC-Cy7 conjugates

Notes

PE-Texas Red

Peridinin chlorphyll
protein

PerCP-Cy5.5 conjugate
(GE Healthcare)
FITC; pH sensitive

TRITC
XRITC

Sulfonyl chloride

PharRed



Normalized Intensity

Normalized Intensity

O &, O S S S IS L6
N W b 0 N ® 0 o

e
o -

350

e 0 9000 e B
W B v N ®» © ©

0.2

Two popular commercial synthetic dyes:

Alexa and Cyanine series

Absorption Spectra Emission Spectra

450 ; B N - . : N 650
Wavelength (nm) Wavelength (nm)

500 550 600 650 700 500 550 600 650 700
Wavelength (nm) Wavelength (nm)

Invented by Molecular
Probes, now a part

of Thermo Fisher
Scientific, and sold
under the Invitrogen
brand name.

Cyanines were first
synthesized over a century
ago. They were originally
used, and still are

in photography.

Alan S. Waggoner et al.
of Carnegie-Mellon
University filed a key
patent for its biotech use.
The IP was licensed to GE
Healthcare.



Near-Infrared (Near-IR) Dyes

e High extinction coefficients (typically 160’000 250’000 cm-1M-1)

e Typically a small stokes shift

e Examples: Alexa 680, Alexa750, Cy5.5, Cy7, IR800 ...

IE. 800 Absorption and Emission
http:/wwiw licor.com
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http://probes.invitrogen.com

Absorption at red and near IR wavelengths




Near-Infrared (Near-IR) Dyes

Near IR dyes are good for live tissue imaging

* Near-IR window: L
- Low absorption of water and hemoglobin & .
- Low auto-fluorescence from background g
allows good SNR in fluorescence i N\

005+

e Good tissue penetration




