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Lecture 3
Yeast vs. Bacteria
RNA Preparation



Using Fluorescence to Interrogate Cells

Cellometer Auto 2000
Dual Fluorescence and Bright Field Imaging: 
allow for rapid analysis of cell viability in 
heterogenous cell populations



Fundamentals of Cytometry




Fundamentals of Cytometry

https://youtu.be/EQXPJ7eeesQ



Fundamentals of Cytometry


What can we do with it?
A quick overview 

of some of its applications

What is it?

How does it work?
What cytometry is / does

Fluidics
Optics
Electronics

A brief history







4 lasers, Blue lasers (405, 488 nm), Red laser (639 nm) and a Green laser 
(561 nm). 

Mounts up to 18 detectors, and measure a maximum of 
~22-24 colors simultaneously.



4 lasers, Blue lasers (488 nm), Red laser (639 nm) and Green laser 
(561 nm) and  a near UV (375-nm). 

Mounts up to 20 detectors, and measure a maximum of 
~13 dye colors simultaneously.
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8 color T & NK Cell Worksheet

CD3+ cells are all T-lymphocytes -which includes both CD4+ and CD8+ lymphocyte cells -
along with anomalous CD56  (High NK cells and large ”granular lympocytes…”), CD57-expressing 
“senescent” T-cells  etc.



8 color T & NK Cell Worksheet
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8 color T & NK Cell Worksheet



Basic Flow Cytometry System


Fluidics

Optics

Electronics

Carries particles to the laser intercept

Light source for creating FSC & SSC as well as fluorescence
Optics for detecting fluorescence

Creating digital signals from the optics and displaying 

these signals on a computer 



Basic Fluidics




Basic Fluidics




Sample Flow


Laminar flow
In fluid dynamics, laminar flow is characterized by fluid particles following smooth paths in 
layers, with each layer moving smoothly past the adjacent layers with little or no mixing. At 
low velocities, the fluid tends to flow without lateral mixing, and adjacent layers slide past 
one another like playing cards.





Basic Optical Systems


Excitation optics
Lasers

A collection lens to capture light emitted from the 

particle-laser beam interaction

A system of optical mirrors and filters to direct 

specified wavelengths of the captured light toward designated

photon sensitive detectors

Collection optics

Lenses to shape and focus the laser beam



Basic Optical Systems




Lasers


Light output from a a laser
Monochromatic

Unidirectional

Light Amplification by Stimulated Emission of  
Radiation



Basics of Cytometry




Excitation optics
Lasers
Lenses to shape and focus the laser beam



Excitation optics
Lasers
Lenses to shape and focus the laser beam



Excitation  Optics



Collection  Optics



What is Fluorescent light?


The visible or invisible radiation emitted by certain substances as a 

result of incident radiation of a shorter wavelength















FITC Spectra 


Fluorescein (FITC) can be excited using a 488 nm BLUE Laser
with a “peak” emission at ~525 nm



2 Colour Spectra 


Fluorescein (FITC) can be excited using a 488 nm BLUE Laser
with a “peak” emission at ~525 nm

Phycoerythrin (PE) can also be excited using a 488 nm BLUE Laser
with a “peak” emission at ~578 nm



2 Colour Direct Staining 






2 Colour Cell Analysis 




2 Colour Cell Analysis 




2 Colour Cell Analysis 




2 Colour Cell Analysis 




2 Colour Cell Analysis 


Examples…  colour added






Fluorescein (FITC) can be excited using a 488 nm BLUE Laser
with a “peak” emission at ~525 nm

Phycoerythrin (PE) can also be excited using a 488 nm BLUE Laser
with a “peak” emission at ~578 nm

PerCP has a “peak” emission ~695 nm

3 Colour Spectra 




Multiple Colour Spectra 


Several fluorescent colours with their excitation 

and emission peaks (dotted lines) derived from different lasers



Collection Optics 




Collection Optics 




Collection Optics 




Collection Optics… Octagonal Arrangement 




Optical Filters 




Optical Filters 


Note: most of the filters that are used here are

“Bandpass”   wavelength nm / range




Collection Optics… Octagonal Arrangement 




Optical Filters 


Note: most of the filters that are used here are

“Bandpass”   wavelength nm / range


eg. 780 / 60

Note: most of the filters that are used here are

“Bandpass”   wavelength nm / range






Electronics 




Cell Cycle Analysis via Flow Cytometry


Cell Cycle Compartments


such analysis requires some 

version of membrane 

permealization, using 

alcohol (?)

or detergents etc.


Applications 




Applications 


Cell Cycle Analysis via Flow Cytometry




Different steps in apoptotic cell disassembly.

Applications 


Apoptosis via Flow Cytometry
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Different steps in apoptotic cell disassembly.
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Different steps in apoptotic cell disassembly.

Applications 


Apoptosis via Flow Cytometry


Applications 




Apoptosis vs. Necrosis 


Hallmarks of the apoptotic and necrotic cell death process Apoptosis includes cellular shrinking, chromatin 
condensation and margination at the nuclear periphery with the eventual formation of membrane-bound apoptotic bodies that 
contain organelles, cytosol and nuclear fragments and are phagocytosed without triggering inflammatory processes. 


The necrotic cell swells, becomes leaky and finally is disrupted and releases its contents into the surrounding tissue resulting in 
inflammation. Modified from (Van Cruchten et al. 2002) 
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Apoptosis vs. Necrosis 


Hallmarks of the apoptotic and necrotic cell death process Apoptosis includes cellular shrinking, chromatin 
condensation and margination at the nuclear periphery with the eventual formation of membrane-bound apoptotic bodies that 
contain organelles, cytosol and nuclear fragments and are phagocytosed without triggering inflammatory processes. 


The necrotic cell swells, becomes leaky and finally is disrupted and releases its contents into the surrounding tissue resulting in 
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Apoptosis vs. Necrosis 






Applications 


Apoptosis via Flow Cytometry


Annexin V is a surface marker, which detects early membrane changes 
associated with apoptosis; namely the “externalization of the the inner leaflet 
of the lipid membrane


Schematic Representation of the Annexin V assay




Applications 


Apoptosis via Flow Cytometry

Annexin V is a surface marker, which detects early membrane changes 
associated with apoptosis; namely the “externalization of the the inner leaflet 
of the lipid membrane.


As, such it is a rapid determination of Apoptosis


Schematic Representation of the Annexin V assay






Applications 


Apoptosis via Flow Cytometry


1 caspase 
There  is  ONLY 1 metacaspase in S. cerevisiae, “budding yeast” 



SSC

FSC

Yeast + heavy metal 


Yeast cells treated with 
Heavy Metal  & stained with 


FAM-FLICA  (caspase)


Caspase
FAM-FLICA

Applications 


Apoptosis via Flow Cytometry






FI
T

C
 (

dU
T

P)
FI

T
C

 (
dU

T
P)

Propidium Iodide

Detection of DNA fragmentation using 

“TUNEL”  Assay 




FACS Aria II (Becton 
Dickinson)

Cytometry - Cell Sorting






2-DE DIGE gel of copper (II)-treated S. cerevisiae wild type proteins 

of apoptotic and non-apoptotic sub-populations, differentially labeled 

using CyDye… Apoptotic cell proteins were labeled with Cy5 and 

non-apoptotic cell protein were labeled with Cy3 

Extract proteins

from Cells 


2D Gel electrophoresis 




Lecture 3
Yeast vs. Bacteria
RNA Preparation



Lecture 3
Yeast vs. Bacteria
RNA Preparation



Questions:

What is “Abbe’s diffraction limit” ?   Why is it important? 
[Microscopy Lecture pdf]

What is the resolution limit of a light microscopy? 

[Microscopy Lecture pdf] 

What is the resolution limit of an AFM? [Microscopy Lecture pdf]

What is the HIGHEST magnification “objective lens” that we have on 
our BZX700 microscope? [“How to use the BZX700” video] 

How long does the RNA “hybridization step” of the RNA to the chip 
bound DNA take in in Microarray Analysis?   [“Microarray_1 video] 

How many potential Genes per Chip are now available on a 

10µM Feature Size Genechip?    [Microarray Lecture pdf]

Which lasers do we have in the LSR Fortessa? 

[Cytometry in the ABCore (video)]?         Why is this important? 


