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Confocal microscopy and
optical sectioning
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Widefield Microscope

excite entire thickness of your sample



Widefield Microscope

excite entire thickness of your sample



Widefield Microscope

excite entire thickness of your sample



Widefield Microscope

collect all the light emitted from you sample



Widefield Microscope

follow light through the optics
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Widefield Microscope

sightly out of focus

in focus

B

with thin samples this is not a problem



widefield microscope

Great for thin samples
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Thin Vs Thick Sample

Very little out-of-focus light Lots of out-of-focus light



3 Flavours of Microscope

Confocal Laser
> :
Scanning
7
| ‘!
Problem: ' > | Spinning disc|
Out of Focus
Light
.

& > | TIRF
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Widefield Vs Confocal

thick samples

Widefield Confocal

Out of focus light ‘blurs’ image Out of focus light is blocked
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Confocal Microscope

in focus

Pinhole diaphragm in the
Image conjugate plane

= CONFOCAL

——— — pinhole



dunn school \l\y/
O—
bioimaging facility /7

Confocal Microscope

pinhole
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Confocal Microscope

light from below the optical section crosses in front of the pinhole and doesn’t pass through the
pinhole aperture

pinhole
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Confocal Microscope

pinhole
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Confocal Microscope

optical section

pinhole



Confocal Microscopes

Confocal
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Laser

> .
Scanning
) Spinning

disc




Laser Scanning Confocal pa e
Microscope

Laser Scanning Confocals are great to get ‘pretty’ images



Laser Scanning Confocal s i
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Laser Light Source
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laser light source
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Laser Light Source

Laser Emission Spectra

Krypton Emission Spectrum
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Argon Emission Spectrum
Enables tighter control of

fluorophores excited
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AOTF

Acousto-Optic Tunable Filter
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AOTF

Acousto-Optic Tunable Filter

Acoustic
Absorber

Acousto-optic effect:

Acoustic wave excited within
the quartz gives rise to
variations in the refractive index

The wavelength of the diffracted
light is dependent on the acoustic
frequency in the quartz. By tuning
the frequency of the acoustic
wave, the desired wavelength of
the optical wave can be diffracted
acousto-optically.
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AOTF

Acousto-Optic Tunable Filter

Acoustic Absorber

® _J
- Defracted Beam Confocal
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Acoustc Transducer

| l II

Acoustic Power Acoutstic Frequency

Quick On/Off of lasers
Very fast changes between excitation wavelengths
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Galvo Scanning Mirrors
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Galvo Scanning Mirrors



Galvo Scanning Mirrors

Galvanometer —

Mirror
Mirror
Translation | :
\ -—
; Mirror
Slllde Specimen .. elation
Laser Point-Scanning ATTAT A @ or @ 0 6 0

Confocal System

Sample excited at one point at a time
Relatively slow
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Adjustable Pinhole

AOTF
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Pinhole — Optical Sectioning

Shorter the wavelength the  Diameter of the pinhole: Smaller
thinner the optical section pinhole thinner optical section

FWHM=Full Width Half-Maximum The higher the NA.
the thinner the section

Weak signal > open pinhole > more light but thicker




Confocal enables SEa
3D reconstruction

SPECIMEN IMAGE

Focal Plane

Optical _[
section




Confocal enables s
3D reconstruction
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Variable Detector Slit
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Spectral Unmixing

Autoflvorescence

Defraction grating
separates wavelengths

] \ 1\ c .
, MR over physical area
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N OO &8 M mTho o AN
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Light emitted from
fluorophore as a spectrum
i
Confocal
Pinhole

Variable slit lets through
only certain wavelengths



dunn school \l\/

bioimaging facility ~ i

Spectral Unmixing

At eaCh plxel: Pho(lmnuhpliw Diffraction
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Match the summed spectrum with all possible summed combinations from a library
At each pixel you therefore know the proportion of each fluorophore present



Spectra | Unmixin g R
removal of autofluorescence

Autofiluorescence Autofiluorescence
Removed

HeLa Cell EGFP-Actin
Expressi Signal
EGFP-Actin

At each pixel:

Calculate the proportion of the pixel is due to autofluorescence.
Subtract the autofluorescence from the ‘true’ GFP value.
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PMT — Photon Multiplier Tube ™"

™ Lascitva |
[ v
i (T
Irame: I 100 p
. Lanyg: T - 515 r
. w - 35V : n5 [«
svtclm:u | / e r
Objective ..
Late (o
[ L. lisrmw
P Fxclonnn P I - : = M « Nu
\ | Hene [cntosmossesas v : [sumcl = ]sous-:v'1 =) ner =]
’ v N\ N\

=L}

—
= UL e L
wn

ca X ¥

3

e [ D M
RlexxaFuar 442 Alewa Huar '8

PMT detectors



dunn school

‘bleed-through’
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minimising‘bleed-through” =

Variable Slits
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minimising‘bleed-through” e+
Sequential Scanning
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minimising
‘bleed-through’

Adjust detector slit widths
Use sequential scanning







Confocal Microscopes
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Confocal

Laser
> .
Scanning
Spinning
> :
disc

Both are confocals




Great for live cell imaging

Can collect many images per second



Yokogawa CSU-X1 bttt

Spinning Disc

Micro lens Array

NRESRYWSK

Sample
To CCD camera




Yokogawa CSU-X1 bttt

Spinning Disc

Micro lens Array




Yokogawa Spinning Disc
Confocal Microlens

Just a pinhole array -
optimised for ‘confocality’
and ‘crosstalk’

Too much light is blocked
from reaching the specimen

Only 4% light passes through disc




Yokogawa Spinning Disc

Confocal Microlens

Microlens Spinning Disk Optimization

Micro-lens array
increase the light
reaching the specimen

Typically 56% light passes through disc




Yokogawa CSU-X1

Spinning Disc

Nipkow Disk

Sample
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Paul Nipkow, 1884

Rotstlon
O ipkow Disk Eggar and Petran, 1967
Finhols l Archimedean Spiral

Approx. 1000 pinholes

Single frame created with each
30-degree of rotation of disc

AN
o)

: (12 frames per rotation)




Rotation

Pinhole 'l Archimsdean Spiral

Larger pinholes - brighter image, but less “confocal”

Pinholes fixed size: Typically = 50um
(optimised for biology)




Rotation
Direction

s Niphow Disk

Pinhole 'l Archimsdean Spiral

Constant Battle:
Smaller spacing - more light gets through, but “crosstalk”

Pinhole Spacing Typically = 2.5um apart




Yoko gdWad e iy
Spinning Disc Confocal

Yokogawa Spinning Disk

Light Direction










Speed
Sensitivity
Flexibility
Bleaching
Pretty Pictures

Pretty Movies

Point Scanning

Vs Spinning Disc

Point Scanning

Slow (secs)
OK

Good

Poor
Unbeatable!

Good —if process slow

Spinning Disc

Fast (msecs)

OK

Poor

Good

Pretty damn good!

Unbeatable!
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7 Scanning
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Light
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Total Internal Reflection Fluorescnece
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Total Internal Reflection Fluorescnece

Off-axis lllumination
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Total Internal Reflection Fluorescnece

Aqueous: RI~1.35

Glass: RI~1.518
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Total Internal Reflection Fluorescnece

Aqueous: RI~1.35

Glass: RI~1.518

As illumination becomes more off axis, the angle the light strikes the interface becomes shallower
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Total Internal Reflection Fluorescnece

Aqueous: RI~1.35

Total

Internal | _ Glass: RI~1.518
Reflection 5

Critical angle




TIRF e
Total Internal Reflection Fluorescence
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Total Internal Reflection Fluorescnece

‘

Exponential decay in ) — \

intensity r ~ I
‘ - p Evanescent wave/field



TIRF e
Total Internal Reflection Fluorescnece

Only fluorophores very close to the coverslip are excited and fluoresce
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Total Internal Reflection Fluorescnece

Fluorophores not
excited

Very low background = very high signal to noise



TIRF

Typical uses

Very thin samples - ie bacteria
In vitro samples - MTs on coverslip

In vivo events very close to coverslip where
imaging requires v. Low background (ie
PALM, single particle tracking - MT + ends)
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Dealing with out of focus light

Widefield Point scanning confocal Spinning disc confocal TIRF

OK for thin For brightly stained For bright live thick For imaging very
samples thick samples - that samples - that do close to coverslip

don’t move quickly move quickly



3 Flavours of Microscope

Confocal Laser
o> :
Scanning
T
K
-
Problem: . » | Spinning discI 3 *
Out of Focus
Light
-
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