Innovations in Flow Cytometry
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unique problems

TimeResolved Flow Cytometry

Arno 1.0  compensatioAfree FG; simplify your assays
Arno 2.0 high-parameternumber F& immunology for less
Tiber labelfree FQ; cancer diagnostics

Danube fluorescence lifetime FCprotein analysis in cells
Q&A (but also feel free to ask as we go)
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OUR CELL ANALYZER PLATFORM

POTOMAC

CUSTOMIZABLE, MODULAR FLOW CYTOMETER
A TOOL FOR UNIQUE PROBLEMS
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Potomac Performance
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Potomac PanamaSoftware
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Potomac PanamaSoftware
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Potomac Built to Order

A Unit for NCI

I excitation at488, 266 (external)
I FSC, SSC, 5x FL channels
I swappable excitation arm

A Unit for CNR (Naples, ltaly)

I excitation at405, 375, 266 (external)
I FSC, SSC, 4x FL chanmél&,MTdor max sensitivity
I flexible integratedshastefluidics

A Unit for Excelitas
I excitation at488, 405
I FSC, SSC, 6x FL chanr&@RM3
I syringedrive fluidics




Potomac

A modular
A customizable

A anylaser you want
(evendeep UV)

A anydetectoryouwant
A anyflow rate you want L L h T




A BRIEF INTRO:
TIMERESOLVED FLOW CYTOMETF
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Unmet Needs In Fluorescence Flow Cytome
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Wavelength [nm Measurement of
~ 1. Spectral spillover Cellular
A compensation Autofluorescence
2. Spectral spillover
UNMET NEEDS A limited # channels ﬁ
3. Autofluorescence I
~ A high background




Traditional Flow Cytometry

A continuous light source
A one peak per event
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TimeResolved Flow Cytometry
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FSC FL2 FL1

Trig, SSC

Example of Raw Tirfeesolved Data
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Signal [V]

Signal [V]

TimeResolved Data Detall
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Can ResolvBlultiple Lifetimedan Same Decay

Fluorescence o
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Can ResolvBlultiple Lifetimedan Same Decay

A direct measurement ofiuorescence decays

A extraction offluorescence lifetime

A what can you do with that?
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LIFETIME AS A MEANS TO AN END:

ARNO 1.0

COMPENSATIORNREE FLOW CYTOMETER
SIMPLIFY YOUR ASSAYS
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Lifetime As Means To an End

A distinguish fluors
based on color
AND lifetime

A reduce spectral spillover |
A compensationfree

different fluors
:/\\

Lifetime
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A FoutColor Demo
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4 Colors: 2 Spectral Bands, 2 Lifetin
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DemoArno Cell Assay! Colors,”2 PMTs,l Laser
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DemoArno CD45/3/4/8 Assay

Dri Leukocytes

different markers measured
simultaneously, on the
same detector

CD4: short lifetime
CDa3: long lifetime

signals discriminated
based on color and lifetime

CD4 (short lifetime)
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Arno 8-Peak Rainbow Beads
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A Spherotech Rainbow beads

A data from blue channel, short
A 7/8 peaks resolved (MESF = 90)




Current Platform
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Fluorescence [%]

15-Parameter, NeCompArno
1::'7—;5 =" i A 405, 488 nm

I excitation
A 12 FL channels

A < 2% spillover in
any channel
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with 6 Colors }
A 2 lasers:

405, 488 nm o
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Arno 1.0

A 2 lasers
A 6 FL detectors

A 12 FL channels ~
A+ FSC, SSGSC ) 15 parameters

A no compensation ,
excitation
pulse fluorescence
decay
time

Intensity




LIFETIME AS A MEANS TO AN END:

ARNO 2.0

HIGHPARAMETER FLOW CYTOMETER
IMMUNOLOGY FOR LESS
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Lifetime As Means To an End

A distinguish fluors
based on color
AND lifetime

A expand # parameters

P
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Example ofArno 2.0SingleLaser 3x5 Pan:
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CNR2Y n X u2z2 wmMpb t
A 30-to 45-Color FC
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Arno 2.0

A 3lasers
A 15FL detectors
A 4A5FL channels |

A+ FSC, SSGSC




LIFETIME AS A MEANS TO AN END:

TIBER

LABEIFREE FLOW CYTOMETER
CANCER DIAGNOSTICS
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Some Sources of Cellular Autofluoresce

[ " —— Tryptophan
] — NADH
— FAD

Absorbance
Fluorescence

300 400 500 600 700
Wavelength /nm

excitation Islam, M. etal. (2013), | nt 61 14, MB62-196S C |
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Protein Binding Affects NADH Lifetir

free NADHshortlifetime l
0o Tree fraction

proteinrboundNADHI]onglifetime T
dpoung OOUNd fraction

Normal Cancer
TABLE 1. Cells Cells

Metabolic OxPhos glycolysis
Pathway (mitochondria) (cytosolic)

Free: Bound | Ofee/Opound is | Ofree/Qpound iS
NADH Ratio LOW HIGH

Free NADH Lifetime, Tfree, is SHORT, <0.5 ns
Protein-bound NADH Lifetime, t,5ynq , IS LONG, >1.5 ns
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Metabolic Profiling by FLIM

A sguamous cell carcinoma

(SCC61 line) cancer cell: free NADiT
A response to different

cancer drug treatments
normal cell: free NAD

Cetuximab BGT226

0.8

0.7

From Fig. 4B, Shah, A. T., et al. 2C14)S ONE 90746

Proprietary. © 2011 -2020 Kinetic River Corp. AllRights Reserved 38



NADH Free vs. Bound by FLIM

melanoma mouse model

(8]
z

=

[ ] Normal | | <0.5mm lesion

4

Normal Cancer .

TABLE 1. Cells Cells NADH free/bound ratio x# 4
Metabolic OxPhos g?yechS:i:s 3 e
Pathway (mitochondria) (cytosolic) [ * #

Free: Bound | Qfree/Qpoung iS | Ofree/Obound is E i $

NADH Ratio LOW HIGH S * - PN

e Py e cate)
Free NADH Lifetime, Tfee, is SHORT, <0.5 ns )3 gl
Protein-bound NADH Lifetime, t,5ynq , IS LONG, >1.5 ns _8
~~
[
o

Stratum basale

1

] ~15mmlesion [_] 2.0-2.5 mm lesion

Fig. 3, Pastore, M. N., et al. (2017) B>grm 26, 607614
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Tiber. Free vs. Bound NADH In Flo

375-nm excitation
labelfree
blue FL channel

direct timeresolved
measurements
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Tiber. Free vs. Bound NADH In Flo

A NADH in solution, 00-
free & bound to lactate 05-
dehydrogenase

A FC results mirror FLIM

A next: NADH in cells in
flow
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Tiber

A labelfree

A autofluorescence
A metabolic profiler
A cancercell detector

—— Tryptophan
— NADH
— FAD

E=LL
300 400 500 600 700
Wavelength /nm

Absorbance
Fluorescence




LIFETIME AS A PARAMETER:

DANUBE

FLUORESCENCE LIFETIME FLOW CYTOME
PROTEIN ANALYSIS IN CELLS

m




Fluorescence Lifetime As a Parame

A can be sensitiveocalprobe A probemolecular

A quantitate FRE (Forster environment
Resonance Energy Transfer) 1 C&* Cf, O, pH,
temperature

A probeprotein-protein
Interactions

APPLICATIONS
A cell signaling
A cancer cell analysis




Fluorescence Lifetime As a Parame
(a) \ (b) (c)
e - w: ?f
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Receptor/ligand interaction Nucleic acid analysis

Fig. 2, R. Datta et all, Biomed. Op25(7), 071203 (2020

—~— g pes(7) (2020)
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Danube Fluorescence Lifetime FC

reports fluorescence
lifetime

multiexponentials

FRET, cell signaling,
cell metabolism

t NETO Wo | :
(NMSU)
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Danube 200ps Lifetime Resolution




Danube Multicomponent Decays

excitation
pulse ™

Quantitative
time-resolved
flow cytometry

\,\%‘I:etime {5




Danube

A fluorescencéifetime

A 200-psresolution

A protein-protein interactions
A subcellular environment




KINETIC RIVER

A FEW THINGS YOU MAY NOT KNOW
ABOUT US
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Kinetic River: 3x From 2019 to 202

Giacomo Vacca, KPShevgaonkar Alan Chin, PhD Eli Kashi, MS JinmanHuang, Tim Gray, MS

PhD MS Sr. Staff Mechanical PhD Mfrg. Engineer
Founder & Biomedical Scientist, Project Engineer Sr. Staff Scientist
President Scientist Magr.

v

y i
AshleySloat Richard McKay, Alastair Hood, Rosemary Sean Murphy, Linda Vahdat,
PhD PhD PhD Coates, MBA MS MD, MBA
Patent Agent Technical Sales  Advisory Board Advisory Board Advisory Board Advisory Board
IP Advisor Advisory Board
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Kinetic River: A Growing Busines:

A $2.2Min NIHNIGMS Kinetic River Revenue Growth
grants —
A 2-year SBIR PhaseMino | ggoy
development funding Jo0% | 2°Yr CAGR=52% /
(current) /
600%
A new sales / engineering o
offices in US East Coast, i
ltaly / Southern EU 100 /
: : 300%
A expanding consulting /._———(
activities 200%
(expert witness) 100% / pase year = 2018
0%
2014 2015 2016 2017 2018 2019




Kinetic River: 10 Patents and Counti

4 patent families
10 patents issued
9 patents pending

applications in US
and internationally
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