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imaging tissus with fuorescence

Laserdnduced fuorescence {LIF} imaging of
biological tissue

Aim: to detect or image different types of tissue or states of
tissue using optical radiation to achieve contrast

intensity ~ f{n}, n = [/(T+X)

|| i Wavelength, i~ hc/(E-E,)

E, T
F. % Lifetime, ¢ = 1I{F™+ik}
{13

Difficult to make absolute .
intensity measurements s

— relative measurements

image ii:.; or

Fluorescence contrast

Most biological samples exhibit
“autofluorescence”

Challenge is to find an unambiguous
contrast between target and
background, e.g. normal and
malignant tissue

Tissue differences may be
enhanced using a contrast agent,
e.g. HPD, AL A-5-induced
Protoporphryin X

Wavelength-ratiometrie laser-indused
fluorescence imaging of brain tissue

Specirally-resolved fluorescence imaging

Wavelength ratiometric fluorescence
measurements reduce the impact of
scattering, since this is assumed to be
constant with wavelength ~ or can be
fitted to an assumed model o

“Hluprescence THsnsily

Experimentol dato from Luné,
Svanberg et al.

How to acquire spectral data cube (x, y, A)?

Scanning microscopy = serial pixel acquisition (single channel detection)
= slow image frame rate
= can use sophisticated defectors

S0 SRECHOSIEDN, spettromeien FTS with PMT, APD defecivrs

Wide-field (x.y) imaging = parallel pixef acquisition (many channels)
= high speed image acquisition
= 4 requires one dimension = need to scan?
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Wide-field multispectral fluorssecence imaging

Imaging tissue with fluorescence

Wide-field imaging = paralle] pixel acquisition
= high speed data acquisition

f AR

field stop Dichroic
beamsplitter  gyar

GOI photacathode
Mutti-spectral imager provides 2-channel (up fo 8) spectral resolution

- preserves whole-field 2D/3D imaging

07 heamspiitier to provide
sofropy;

{Dichroic baamsplitter may be replaced by & pod
whidp-field images of Hme-regoived poladzation &

Aim: to detect or image different types of tissue or states of
tissue using optical radiation to achieve contrast

E, = = intensity ~ tin), m = THE+E)
i ML [ wevetenomn. 5 ~hel(r)
E, Lifetime, ¢ = 11(T"+%)

Difficul to make absolute
intensity measurements s

— relative measurements




How to measure fuorescense [ifetime?

Flucrescence lifetime imaging technology

Thne-dormain measurement

Frequency-domain measurament
Pags shift
tmg=m%,
m = [1 +@? 7,712 Rl T Demoritlatior farie

For single exponential
decay: T, =T~ T
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Fluorescence lifetime imaging (FLIVG

Litratast laser sowrces for FLIM

intensity

Ti:sapphire femtosecond laser {Spectra-Physics)
44

215k

Diode-pumped ultrafast Cr:LiSAF laser
oscillator and amplifier system (FLOAT)

Blue diode laser (PicoQuant)

FLIM of dye samples: chemically specific imaging

FLIM of fluorophore environment {viscosity)

Dye samples:

Coumarin 314
DASPI
Copumarin 314
Coumarin 314

Fluorescence
lifetime map:

i

=f{i}

DASPI solvent: —gthanol . 120} (40} 60| |30
glycerol 80| [s0| |40| |20

Fluorescence
lifetime map:




Quaniitative whole-flald FLIM of [flucrophore] ratio

Macroscopio multbwelbplate imaging —~ for assays

Pipettes with dye mixtures Two component decay:

— —r
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Cheantiiative Moh-spesd sssays
a.g. Bic-chips, HTS, DNA seguencing...

Chonionily specific imaging

Coumarin 314
DASPI

wevesn

influence of the Huorophors environment (viscosity}

DASPI
+
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E-GFP lifetime depends on local refractive index

E-GFP lifetime depends on local refractive index
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Strickler-Berg-plot

FLIM of biologlcal {rat) tissus proteins

Fluorescence
intensity images:

Fluorescence
ifotime images:




Stretched Exponantial Function

Stretched Exponentlal Function

Betespgenedy #1232

©ins
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*

1863: F. Kohirausch desoribes structural relaxation in glassy filres,
* 19700 G, Willlams & D.C. Watls desoribe dislectric relaxation in polymers.
« since then: applied to earthquakes, galactic Hght emissions, economics,

biviogizal extinction, MRL, sic.
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Complex fucrescenoe decay profiles in rat ear (018}

Laplace transformation: 10 == 1, p{T)
CONTIM algorithm by S.W. Provencher: Comput. Phys. Commun. 27, 213 (1982).

Fluorescence intensity i)

double exponsntal fit
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How to reprosent lifetimes, helerogensity and
intensity information

Spectratly-resolved FLUIM of rat heart

H,S,L colour plot: H,S encode #fetime, L encodes intensity
Intensity map Resull

Rat ear

(showing cartilage,
collagen and veins
and arteries)

H,8,L colour plot: H,S encode heterogensity, L encodes intensity

Rat tissue
(showing cartilage,
collagen and an
artery )

Fluorescence
intensity image pair:

[<t> B

450-608 nm 450-606 nml &05-676 nm
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Opt. Lett. 22 (1997) 1906
QOnly zero spatial frequency does
not attenuate with defocus

= spatially modulate whole-field image using grid
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Opl. Lett. 22 (1997) 1905

Only zero spatial frequency does
not attenuate with defocus

= spatially modulate whole-field image using grid

Opt, Lett. 22 (1997) 1905

Measured axiaf response

Bectioned image Conventional image
-0 FLIW o 15 uin Nuorescent
light microspheres
odiecal woetiowisy by wiiast Seiteed {8 bit :?CSD}
diitioat sa)i{rs\t:ﬁm;y Intensi *
ntensity FLIM s (0.2 -7 00 )
images

Conventional
Images:

Sectioned
images:

D
170 pm Z=0pm Z=tlpym Z=19pm

3-0 FLEV of 4.5 and 18 wm fluorescent
microspheres

Wide-field optical sectioning

Image plane1,z=0 um {12-60t CCD)

Sectioned image

Image plane 2,z=4 um

Conventional
FLIM map

Conventional
intensity image

Bectioned
FLIM map

Sectioned
intensity image

(Az~ 1.4 pm)

Qptical sectioning by structured Humination
Mark Nefi of al, Opl. Laft. 22 {1907} 1905




5-D fluorescence imaging of 4.5 um & 15 pm
beads

Time resolved fluorescence anisotropy imaging

S ns
< 25um separation between planes 1 & 2

Rinudtancous Helme, spectral and depth information

I(O-1.()

Anisotropy is defined by ()= LO+2 O

log intensity

time

i

(_...

For a spherical molecule : #(f) =r,e
[

with rotational correlation time ¢ :%“-wim&aiay

Polarization-resolved FLIM

Yitda-ficld Images of “totat fluorsscence decay” and
retational correlation time of Rhodamine 86
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Fluorescence Lifetime and Anisotropy Imaging
{FLAIm}): Fluorescein in NaOM/glycerol
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Fluorescence Lifetims and Anisolropy
Imtaging (FLAImY application {o cells¥

Cutiook for microscopy and biomedical imaging

CFSE stained B colls

FLIM map
Vertical excitation

Fluorescence
{total) lifetime map

FLIM map
Vertical excitation

Rotational
correlation time map

FOOD s

= More functional imaging
-« FLIM and FRET, multi-spectral imaging
- Super-resolution
- PSF engineering, e.g. 4 Pi microscope, STED

= Multi-modal microscopes

- Combining confocal microscopy with OCT, THG, multi-photon
fluorescence microscopy

= High-speed imaging
- Wide-fleld optical sectioning
- Mufti-foci microscopes
- High speed cameras and multi-channel imaging

= Compact user-friendly low-cost laser technology

For morg informaBion...

Further reading

For a review of the development of ultrafast laser technology:
5 Ceneradion of | @

. 57

v

For a review of biome:

e

nttpiphotonics.fe.ac.uk Look for biomedical optics pages and recent
b e conference presentations available onfine

erp.magnet fre. edn/prmer/ndec itmt
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