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SUMMER INSTITUTE CALENDAR 2022
SUN MON TUE WED THU FRI SAT
July 02
Early Arrival Airport Arrivals
and Check-in
July 03 04 05 06 07 08 09
e, S R CagpLSaolr: 9:30am-11:30am ISSS, OIl, & Classes begin!
Panther ID & ISSS Check-in ] Housin.g Orientatio‘n g ' 9-11:20am: Morning course
Earlv Arrival Ai e Airport Arrivals and Check-in Bl St 9-11:20am: Morning course 11:20am-2:00pm: Lunch
arly Arriva "'PO"_t rrivals 12-2pm Lunch 11:20am-2:00pm: Lunch break Free Day
R ock-in 6:00pm: 4th of July Celebrations . break
2:00-6:00pm, Shuttle to local | 2o gooh Vorcor® Recepton 1:30-4:30pm: BIOL4905
grocery store V 1:30-4:30pm: BIOL4905 DNA PREPARATION
INTRO - TRAINING
10 11 12 13 14 15 16

12:00-4:00pm: The World Coca-
Cola and Georgia Aquarium

9-11:20am: Morning course
11:20am-2:00pm: Lunch
break

1:30-4:30pm: BIOL4905
PROTEOMICS |

9-11:20am: Morning course
11:20am-2:00pm: Lunch
break

1:30-4:30pm: BIOL4905

9-11:20am: Morning course
11:20am-2:00pm: Lunch break

1:30-4:30pm:BIOL4905
PROTEOMICS Il
6:00-10:00pm: Atlantic

9-11:20am: Morning course
11:20am-2:00pm: Lunch

break

1:30-4:30pm: BIOL4905

9-11:20am: Morning course
11:20am-2:00pm: Lunch
break

1:30-4:30pm: BIOL4905

6:00-9:00pm: Dinner in America

(Sign-up)

PROTEOMICS I Station Shopping & Movie PROTEOMICS IV ? RNA PREPARATION
17 18 19 o 20 21 22 23
) ) ) 9-11:20am: Morning course
_ _ 9-11:20am: Morning course 11:20am-2:00pm: Lunch break
9-11:20am: Morning course 9-11:20am: Morning course
11:20am-2:00pm: Lunch 11:20am-2:00pm: Lunch CDC TRIP 1:30 - 4:30 L
el ik :30 - 4:30pm: BIOL4905 | _
Free Day rea rea MINI BREAK NEXT GEN SEQ. 9:00am - 6:00pm: Outlet Mall
1:30-4:30pm: BIOL4905 | 1:30-4:30pm: BIOL4905 1:30-4:30pm: BIOL4905
qPCR & AUTOMATION DNA SEQUENCING MICROSCOPY /| AFM g:gg—7:30pm: Meet & Greet
event @ The Commons
24 25 26 27 28 29 30
AP S ST R e Last day of classes
'71 1 ,;J;}ﬂlfirﬁ ‘JLL;:FC P o 'ffrf ) 119—210'1:ZOgng):ol\/Iornli_ng crg)urse
= A G LU < — :20am-2:00pm: Lunc
Free Day break break Notebook break FINALS Free Day
1:30-4:30pm: BIOL4905 1:30-4:30pm: BIOL4905 | Déy 1:30-4:30pm: BIOL4905
MICROARRAY | NANOSTRING FLOW CYTOMETRY
31 August 01 02 03 04
- 4 9:30-11:00am: Georgia Capitol
Activity Day at the Recreation .
e G O e Oy Tour (Sign-up) Departures (check-out at

2:00-4:00pm: Closing Reception

12:00pm)

Note: Students may arrive prior to the program date with an extra charge of $35 per night. Earliest day to check-in to University Commons is July 2.

Legend:
Orange: Courses

Blue: Lunch Break.

Red: Sign-up events
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GSU Biology Core Facility

§
Supporting Life Sciences at GSU S»

GeorgiaState University

http://biotech.gsu.edu/core_facility/index.html DNA Seq uence
Flow Cytometry \ Analysis:
Profiling Cells
Normal

Leukaemia patient
' -

See effects of
different drugs on

Atomi

[ ¢

1

: 4 ¥
"1! _____ Normal cells

~~~~~

cell death

Cell cycle |mag|ng
Apoptotic Apoptosis Protein structure |
‘f cells -programmed analysis

™

Profiling DNA

o ! ! e

Sanger Sequencing —
>800 base pairs/run

c Force Microscopy

High Throughput Genomic Sequencing —
at the Angstrom level

100,000 base pairs/run

BER

~Mass Spectrometry
o Spectrum
1D proteins

\_-

' .‘A_:AJ‘Jl”A

2D Protein gel
Protein separation using
Electric charge and molecular weight

Microarray:Analysis
Profiling mRNA

Protein
Expression

Proteomics
Profiling Proteins

Colour of pin-point dots demonstrates the
presence / absence of gene sequences



BD FACSCanto™ II
Cellometer Auto 2000

Dual Fluorescence and Bright Field Imaging:
allow for rapid analysis of cell viability in and high-quality results supporting

heterogenous cell populations up to 10 parameters.

Cell analyzer with proven reliability

Using Fluorescence to Interrogate Cells



Fundamentals of Cytometry



Fundamentals of Cytometry
https:/lyoutu.be/EQXP|7eeesQ



Fundamentals of Cytometry

What is it?
A brief history
What cytometry is / does

How does it work?

Fluidics
Optics
Electronics

What can we do with it?

A quick overview
of some of its applications



BD Accuri™ C6 Plus

New generation Accuri makes flow
cytometry even more within reach.

BD FACSCanto™ 11

Cell analyzer with proven reliability
and high-quality results supporting
up to 10 parameters.

Research cell analyzers

BD LSRFortessa™

FACSFortessa is configurable and
upgradeable with up to 4 lasers to
detect up to 18 colors
simultaneously.

Flow cytometers that identify, count, and characterize cells to support cell analysis.

needs.

BD FACSAria™ III

A cell sorter with patented technologies that
deliver ease-of-use and superior multicolor

performance.



Q0D Actwrt™ T8 Mn
P © lavwr

BD Accuri™ C6 Plus

New generation Accuri makes flow
cytometry even more within reach.

BD FACSCanto™ 11

Cell analyzer with proven reliability
and high-quality results supporting

up to 10 parameters.

Research cell analyzers

BD LSRFortessa™

FACSFortessa is configurable and
upgradeable with up to 4 lasers to
detect up to 18 colors
simultaneously.

Flow cytometers that identify, count, and characterize cells to support cell analysis.

needs.

BD FACSAria™ III

A cell sorter with patented technologies that
deliver ease-of-use and superior multicolor

performance.
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BD Accuri™ C6 Plus BD FACSCanto™ II
New generation Accuri makes flow Cell analyzer with proven reliability
cytometry even more within reach. and high-quality results supporting

up to 10 parameters.

Research cell analyzers

BD LSRFortessa™

FACSFortessa is configurable and
upgradeable with up to 4 lasers to

detect up to 18 colors

simultaneously.

BD FACSAria™ III

Flow cytometers that identify, count, and characterize cells to support cell analysis.

needs.

A cell sorter with patented technologies that
deliver ease-of-use and superior multicolor

performance.

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.
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BD Accuri™ C6 Plus

New generation Accuri makes flow

cytometry even more within reach.

BD FACSCanto™ 11

Cell analyzer with proven reliability
and high-quality results supporting
up to 10 parameters.

Research cell analyzers

BD LSRFortessa™

FACSFortessa is configurable and
upgradeable with up to 4 lasers to
detect up to 18 colors
simultaneously.

Flow cytometers that identify, count, and characterize cells to support cell analysis.

needs.

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.

BD FACSAria™ III

A cell sorter with patented technologies that
deliver ease-of-use and superior multicolor

performance.




Properties of FSC and SSC

Side Scatter Detector
a Cell Complexity

{ <

Forward Scatter Detector
o Cell Surface Area

- /

Forward Scatter (FSC)—refracted and diffracted light
Related to cell volume
Measured along axis of incident light in the forward direction

Side Scatter (SSC)—reflected and refracted light
Related to cell granularity and complexity
Selected at 90°to the laser beam

Incident
Light
Source







Side scatter (SSC)

Forward scatter (FSC)

Neutrophils

Monocytes

Lymphocytes



8 color T & NK Cell Worksheet
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CD3+ cells are all T-lymphocytes -which includes both CD4+ and CD8+ lymphocyte cells - A

along with anomalous CD56 (High NK cells and large "granular lympocytes...”), CD57-expressing
“senescent” T-cells etc.



SSC-A  (x1,000)

CD56 PE-A
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8 color T & NK Cell Worksheet
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Specimen Name: 000827

Record Date: Apr13, 2006 7:420...

Population #Events %Parent
Lymphocytes 5074 50.7
Monocytes 2506 28
Granulooytes 3,580 359




8 color T & NK Cell Worksheet
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8 color T & NK Cell Worksheet
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8 color T & NK Cell Worksheet
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n positive in small cell
lung carcinoma and displays the membranous staining pattern as
seen in this image; neuroendocrine markers are especially useful
In biopsy specimens that demonstrate excessive crush artifact, as .

the nuclear details can be difficult to distinguish
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Basic Flow Cytometry System

Fluidics

Carries particles to the laser intercept

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

Optics for detecting fluorescence

Electronics

Creating digital signals from the optics and displaying
these signals on a computer



Basic Fluidics

Air Filter

_Air Filter

Sheath
l Regulator §

L

Sheath .
Sample

Regulator




Basic Fluidics

Sheath
| Regulator

- ;

Sheath Waste
Sample

Regulator




Sample Flow

Low Differential Pressure High Differential Pressure

Loy Sample
Pressure
12ul/min

High Sample
Pressure
60ul/min

Laminar
Flow

Sheath Sheath Sheath Sheath

Sample

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




Interrogation Point

-

Sample Stream

J Sheath Solution




Basic Optical Systems

Excitation optics

asers

Lenses to shape and focus the laser beam

Collection optics

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



Basic Optical Systems

Irrors

lniers

s/vlodes




Lasers

Light Amplification by Stimulated Emission of
adiation

Light output from a a laser

Monochromatic

THE VISIBLE SPECTRUM - Wavelength in Nanometers

Unidirectional

| | | |
400 450 500 550 600 650 700 750
(uitra) Violet Blue Cyan Green Yellow Orange Red (infra)




Basics of Cytometry



Excitation optics

Lasers
Lenses to shape and focus the laser beam

Ay, Prisms

i

Lenses

Ik

Fiber Optic
Cables



Excitation optics

Lasers
Lenses to shape and focus the laser beam

[ExcitationJ

o
2
D

Fiber Optic
Cables

Flow
Cell






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



36

Fluorescence molecules absorb light and emit
light at a longer wavelength (ie lower energy)

[ |
-

FAMT™
TET™
JOE™
VICE

HEX™
cY3m™

T L

NED™

TAMRAT™
RO XTM

TEX.R®
C YH™™

450 550 600 650 700
Blue Green Yellow Orange Red

Note: these are approximations only



Behavior of 1 fluorescent molecule

Molecule 1

400 450 500 550 600 650 700 750
(uitra) Violet Blue Cyan Green Yellow Orange Red (infra)

Molecule 1 absorbs blue and emits green

37



Behavior of 2 fluorescent molecules

Molecule 1 Molecule 2

| ' n | — | n
400 450 500 550 600 650 700 750
(uitra) Violet Blue Cyan Green Yellow Orange Red (infra)

Molecule 1 absorbs blue and emits green
Molecule 2 absorbs yellow and emits red



4

A =488 nm
W N N

Incident
Light Energy

J

HO

Fluorescein
Molecule

A =530 nm

N N N

COH Emitted Fluorescent
Light Energy

Antibody

The fluorochrome absorbs energy from the laser

The fluorochrome releases the absorbed energy by:
Vibration and heat dissipation
Emission of photons of a longer wavelength



(HO 0 \
A =488 nm A =530 nm
SN s C J SN )
Incident COH Emitted Fluorescent
Light Energy Light Energy
Fluorescein

Molecule Antibody

The fluorochrome absorbs energy from the laser

The fluorochrome releases the absorbed energy by:
Vibration and heat dissipation
Emission of photons of a longer wavelength



HO 0
)\.=488 nm X5530 nm
SN C SN
Incident COH Emitted Fluorescent
Light Energy Light Energy
Fluorescein

Molecule Antibody

The fluorochrome absorbs energy from the laser

The fluorochrome releases the absorbed energy by:
Vibration and heat dissipation
Emission of photons of a longer wavelength



FITC Spectra

100

488

80 A

60 4

FITC
40 -

300 350 400 450 500 550 600 650 700 750 800 850
Wavelength (nm)

Fluorescein (FITC) can be excited using a‘488 nm BLUE Laser\

with a “peak” emission at ~525 nm




2 Colour Spectra

00
00

100 488nm

80 4

60 -

FITC
40 4
PE

300 350 400 450 500 550 600 650 700 750 800 850 900
————— — L ————————
Wavelength (nm)

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 al488 nm BLUE Laser

with a “peak” emission at ~578 nm



2 Colour Direct Staining

X FITC PE
) C »

=

) :- .
« ! f
h |







upper left =
FITC- and
PE*

o=

lower left =
FITC- and
PE-
(double
negative)

104

10°

10°

2 Colour Cell Analysis

upper right =
FITC* and PE*
(double positive)

lower right =
FITC+ and PE-



2 Colour Cell Analysis

upper left = .
FITC- and upper right =
PE+ FITC+ and PE*
(double positive)
LLJ
o
lower left = lower right =
FITC- and FITC+ and PE-
s
(double

negative)




2 Colour Cell Analysis

=4 o
upper left = .
FITC- and & upper right =
PE+ - FITC+ and PE*
(double positive)
LLJ
n T
=
lower left = e lower right =
FITC- and = FITC+ and PE-
Ble=
(double =
negative) 2

10° 10! 102 10° 10




upper left =
FITC- and
PE*

2=

lower left =
FITC- and
PE-
(double
negative)

10¢

10°

10°

10

2 Colour Cell Analysis

i

upper right =
FITC* and PE+
(double positive)

lower right =
FITC+ and PE-



CD4 PE
10*

10°

10°

10

2 Colour Cell Analysis

10 102 10° 104

CDS3 FITC

Examples...






3 Colour Spectra

00
00

1 488nm

80 4

60 -

FITC
40 -
PE

300 350 400 450 500 550 600 650 700 750 800 850 900
e — e —
Wavelength (nm)

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




Multiple Colour Spectra

100

»
80 4 X

\

i \ | ? 1 BT g

60 4 80 Horizan®vsod ’ ParCP-Cys APC-Cy7
8D horizol FITC PE\ /| AP PE-Cy7
i J /
40 - \ .
20 -
0 T T T 1 - T
300 350 400 450 500 550 600 650 700 750 800 850 900

Several fluorescent colours with their excitation
and emission peaks (dotted lines) derived from different lasers



Collection|Optics
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[Collection]Optics

# BD LSRFortessa

o || o0

;
4{‘5’ .}hm # }

‘ )

BD LSRFortessa™

FACSFortessa is configurable and
upgradeable with up to 4 lasers to
detect up to 18 colors

simultaneously.




Collection Optics... Octagonal Arrangement

Fiber Optic
Cable

]

-

)

Side Scattered and
Fluorescent Light
——— e
— .
———

Forward Scattered

+
-

1

—_—_—

FS(C

Photodiode

Octagon

(8 detectors)

\
!.
8| \
> \
> \
/
\
/
|
1
\"
~



Optical Filters

Longpass Shortpass Bandpass

460 500 540 460 500 540 460 500 540

I I i
5, NG, CoE— el
»‘.'-""') -':"Z'?‘; ‘\:x %




Optical Filters

Longpass Shortpass Bandpass

460 500 540 460 500 540 460 500 540

!
i
N y
/ by Nen ) ! B . = ’ L
" 3 J—

BP500/50

|

Note: most of the filters that are used here are
“Bandpass” wavelength nm /range



Collection Optics... Octagonal Arrangement

Octagon
(8 detectors)

Fiber Optic
Cable

Q,

 —
Q’
 e—

Lenses

Side Scattered and
Fluorescent Light

- Forward Scattered
| | Light
—_—

/" \ FSC

/ ‘\ Photodiode



Optical Filters

530130 585/42 780/60
530/30 660/20  635/40
100 .
80 4
60 4
40 4
20 4
0

300 350 400 450 500 550 600 650 700 750 800 850 900

Wavelength (nm)

Note: most of the filters that are used here are
“Bandpass” wavelength nm / range
eg. 780/ 60



Fluorescent Protein Properties

Supplementary Table 1. Spectral Properties of Fluorescent Proteins. Data were acquired as described in the Methods. Quantum yield standards used were: 1-aminoanthrcene in cyclohexane (QY = 0.61); fluorescein
in 0.1 M NaOH (QY = 0.85); rhodamine B in EtOH (QY = 0.65); cresyl violet in EtOH (QY = 0.54). Also included are the original references for the creation of each variant.

Cranfill, P) et al (2016) Quantitative assessment of fluorescent proteins Nature Methods 13/7: 557-562 Supplementary information




Electronics

Data
Event X Y
1 33260 120

2 32398 132

g )
3 328 17 - E
4 261853 260220 computer
5 34420 160

Converts light
to electronic Digitizes data
signals
: :
L] ®
‘; ¢ @ 2 ..
g ® 3 .
= = 1
3 o~ o
S 2 r
§ : -
= o . : 3 °
® 9 ° .‘ @
" Fluorescence Intensity Fluorescence Intensity Relative Size



Applications

Cell Cycle Analysis via Flow Cytometry

Cell Cycle Compartments

such analysis requires some
version of membrane
permealization, using
alcohol (?)

or detergents etc.




>

Applications

Cell Cycle Analysis via Flow Cytometry
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Applications

Apoptosis via Flow Cytometry

Step 1. Ap0pt0t{c Step 2. Formation of ap_)optotlc Step 3. Cell fragmentation
membrane blebbing membrane protrusions
Microtubule Beaded '
Small surface spike apoptopodia

membrane blebs

Apoptopodia
Protrusion elongation
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Segmentation of
elongated protrusion
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Beaded apoptopodia

Nuclear content

Apoptotic cell

Nuclear

fragmentation Apoptotic bodies

Large dynamic
membrane blebs

Different steps in apoptotic cell disassembly.
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Applications

~Apoptosis via Flow Cytometry
Different steps in apoptotic cell disaSsembly.
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Applications

Apoptosis via Flow Cytometry
Different steps in apoptotic cell disassembly.

Step 1. Apoptogc Step 2. Formation of aPoptonc St temmEIET
membrane blebbing membrane protrusions
Microtubule Beaded

Small surface spike apoptopodia

membrane blebs

Apoptopodia
Protrusion elongation

S
Segmentation of
elongated protrusion

Q33330033320
Beaded apoptopodia

Nuclear content

@ — —

Apoptotic cell

Nuclear

fragmentation Apoptotic bodies

Large dynamic

membrane blebs 12 Caspases

Caspases (cysteine-aspartic proteases, cysteine aspartases or cysteine-dependent
aspartate-directed proteases) are a family of protease enzymes playing essential roles in

programmed cell death. ... These are signalling molecules that allow recruitment of immune
cells to an infected cell or tissue.



Apoptosis vs. Necrosis

Apoptotic Bodies
are phagozytosed,
no inflammation

Apoptosis “Budding"
(cell shrinks, chromatin condenses)

Cellular and nuclear

Cell becomes leaky, lysis causes inflam-
blebbing mation

Necrosis
(cell swells)

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

* Apoptosis

*  Process of programmed cell death

* Programmed cell death involves a series of biochemical events leading to characteristic
changes in cell morphology and death

»  Changes to the cell membrane include loss of membrane asymmetry and attachment, cell
shrinkage, nuclear fragmentation, chromatin condensation, and chromosomal DNA
fragmentation

1 nfers advan 1 ism's lif cl
Apoptosis, confers advantages an organism's life cycle.
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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
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Applications

Apoptosis via Flow Cytometry

12 caspases

There are 12 caspases in humans alone, which have been classically grouped on the basis
of sequence homology, domain architecture, and cell biology as inflammatory (caspase-1,
caspase-4, caspase-5, and caspase-11), apoptotic initiators (caspase-2, caspase-8,
caspase-9, and caspase-10), or executioners (caspase-3, ... Apr5, 2016

1 caspase

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



Applications

Apoptosis via Flow Cytometry

Yeast cells treated with
Heavy Metal & stained with

FAM-FLICA (caspase)

Yeast + heavy metal
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Cytometry - Cell Sorting
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Extract proteins
from Cells

2D Gel electrophoresis 2-DE DIGE gel of copper (Il)-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
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presence / absence of gene sequences
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Questions:

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
10uM Feature Size Genechip? [Microarray 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 “Abbe’s diffraction limit” ? Why is it important?
[Microscopy Lecture pdf]

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

Which lasers do we have in the LSR Fortessa?
[Cytometry in the ABCore (video)]? Why is this important?



