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WHAT IS FLOW
CYTOMETRY?

* Flow ~ cells in motion

« Cyto ~ cell

* Metry ~ measure

« Measuring properties of cells while in a fluid stream




Flow Cytometer Subsystems

Fluidics: To introduce and focus the cells for interrogation.
Optics: To generate and collect the light signals.

Electronics: To convert the optical signals to proportional digital
signals, process the signals, and communicate with the computer.

Interpretation: specialized software
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Flow Cytometer Subsystems

Fluidics: To introduce and focus the cells for interrogation.
Optics: To generate and collect the light signals.

Electronics: To convert the optical signals to proportional digital
signals, process the signals, and communicate with the computer.

Interpretation: specialized software
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"™ What Can a Flow
Cytometer
Tell Us About a Cell?

* Its relative size (Forward Scatter—FSC)

* Its relative granularity or internal complexity or
cytosolic structure (Side Scatter—SSC)

* Its relative fluorescence intensity
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Light Scattering properties of cells

Right Angle Light Detector
o Cell Complexity

Incident
Light
Source

Forward Light Detector
a Cell Surface Area




» Since FSC ~ size and SSC ~ internal structure,
a correlated measurement between them
can allow for differentiation of cell types in a
heterogenous cell population




"FEUBRESCENCE DETECTORS

Fluorescence
Detector A, B, C, etc...

nes Marvin
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Fluorescence: Detinition

Energy Level Diagram

-1 lala B ralalya
ar PR LAF L o e

L
S
3
&
|
=




Emission Spectra
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EIGHT COLOR

488 nM laser 605 nM laser
e FITC e TR
e PE
e PE-TR

UV laser




LASERS & FLUOROCHROMES BY APPLICATION

Substrate ‘“ Best” Laser

Plasmid Marker: 488/510 488
Conjugated to antibodies: 494/517 488
480/578 488
475/675 488
650/660 633
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Optical Filters

Longpass Shortpass Bandpass

460 500 540 460 500 540 460 500 540

\

BP 500/50




D

ight

Part of the
incident lig
tfransmitteo

ICHROIC MIRORS

Fliter i1s placed at a 45° angle to the incident

ight is reflected at 90° to the
nt, and part of the light is

and continues on.

Detector 1

/ Q Detector 2

Dichroic
miror




OMETER OPTICS R
£y
<
Dichroic .—I

Filters

Flow cell

Bandpass

— Filters
|




Q-@
Oshsos em s S HSlas 3
FITC oY.—2Yinm o
&
= OA=dYdnm éﬂ
)
PerCP 7Y:nm *D& 7351 P
APC PV —f%nm éd‘ d‘*ﬁ’ =
. 6
& 640LP & W PMT
&
550LP o 585/42 #¥ePMT
Excitation R
Lenses and 3
Lasers . ¥PMT

~ Prisms

| | t

/

1
|
|

_

|
|
i

A

™Y Flow Cell




S g Sl ddl
Ja 93 Ay g Al

GI5E A g AUk Hod ab

ABTLY- B PR L ARG I
LJULS g jlalaa

G Ald

Jek (s ALia 04 gana QAT
C

)54 65 Uil Y gare
JJ..'\g‘J-A Q) oAl

@) S SE a5 ela
T5e dsb (48 S




g5 O =Dl g 5 NSon dae Toa dsh bl LB S SHls sladiyl o
b 43 S35 g se Jsb il j 51 SG ) 50 SS) ol s 23 )laia g S5 ) 5l
O A4S 355 e stae LS 305 gl i ) s ylaRa caudl 4Ll
2 £ «Spillover




St_{}kE.!-_'-_:
Shift

Absorption
i X L —
{Excitation)
Fluorescence

/ (Emission)

-
—
Lip]
L
¥
.‘_I'
=
k]
=
=t
i
oo

Spectral
Owerlap

300 400 500 600 700
Wavelength (nanometers)

Spectral overlap : b Al g
A b 48 s slaa s S )5l ) oad ydiie ) 5d Jal
2,(Compensation) kol s




e

Flow Cytometer Subsystems

Fluidics: To introduce and focus the cells for interrogation.
Optics: To generate and collect the light signals.

Electronics: To convert the optical signals to proportional digital
signals, process the signals, and communicate with the computer.

Interpretation: specialized software
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DETECTORS

* There are two main types of photo detectors used in
flow cytometry

> Photodiodes

o Used for strong signals, when saturation is a potential
problem (eg. FSC detector)

» Photomultiplier tubes (PMT)

o More sensitive than a Photodiode, a PMT is used for
detecting small amounts of fluorescence emitted from
fluorochromes.




ELECTRONICS
SCHEMATIC

Detector

Linear

Amplification
Current out o Photons in Voltage /\
» Or >
\ Log

Amplification

PMT Voltage Input
150V-999V

Original from Becton Dickinson Training manual, Modified by James Marvin




* YOou can adjust the intensity of the voltage by
amplifying it on a linear scale or converting it
to a logarithmic scale

* The use of alog amp is beneficial when there
IS a broad range of fluorescence as this can
then be compressed; this is generally true of
most biological distributions.

* Linear amplification is used when there is not
such a broad range of signals e.g. in DNA
analysis and calcium flux measurement.




ANALOG TO DIGITAL
CONVERTERS

« An ADCs takes the voltage pulse and
converts it to discrete binary numbers
depending on total resolution

* The binary signal generated is converted to
a relative bin number

* Those relative bin numbers are acquired as
a list of values from each detector for each
event (cell) and are eventuadlly plotted on
a graph.




Flow cytometer operating principle
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Flow Cytometer Subsystems

Fluidics: To introduce and focus the cells for interrogation.
Optics: To generate and collect the light signals.

Electronics: To convert the optical signals to proportional digital
signals, process the signals, and communicate with the computer.

Interpretation: specialized software




INTERPRETATION

 Once the values for each parameter are in a list mode
file, specialized software can graphically represent it.

 The data can be displayed in 1, 2, or 3 dimensional
format

« Common programs include...
» Cell Quest

> WinMDI




