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. Introduction

Tools for investigating cell metabolism
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The Engines
Cells Generate Energy via Two Metabolic Pathways

Glycolysis Respiration

[ H*] [ Oxygen ]

Oxidation of:
* Glucose

* Fat

* Amino Acids

Fermentation of
* Glucose

Metabolism is measured via the rates of change in PH and oxygen concentration
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Measuring functional metabolism with the Seahorse XF Analyzer

Oxygen Consumption Rate (OCR): Measurement of mitochondrial respiration

Extracellular Acidification Rate (ECAR): Indicator of glycolysis
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Measuring Mitochondrial Respiration and Glycolysis in a
Microplate

Sensor
_—Probes

\ Fiber Optics

/

XF Cell Culture Microplate
Assay Medium T

Solid State Sensor—— |

Cell Monolayer — |
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Measuring Mitochondrial Respiration and Glycolysis in a
Microplate

A transient
micro-
chamber is
formed

The transient micro-chamber
enables rapid measurement of
mitochondrial respiration and
glycolysis in minutes
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Measuring Mitochondrial Respiration and Glycolysis in a
Microplate

The transient micro-chamber
enables rapid measurement of
mitochondrial respiration and
glycolysis in minutes

The sensor
cartridge is
raised, bringing
the system
back to
baseline
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Automated compound injections enable kinetic, functional data

-
~
w

*4 compound injection ports per well

” « Add inhibitors, stimulants, substrates,
» etc.

*Injections are defined by the user

- |-
«
-«

OCR (pMoles/min)

-3 8888 BEEE
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Measuring mitochondrial respiration and glycolysis in a microplate
with live cells

» Gentle up/down
M |X « 3 minutes standard
* Restores O2 and pH levels

* Probes remain Up

WAlT * Only in 24-well protocols

Cycle ~3 times

* Probes down- microchamber

MEASURE B

» 2-3 minutes standard

» Manifold system injects all ports

| NJ ECT of a given position “A” or “B” etc.

 then Cycle
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Sequence of Operations and Raw Data: pH vs. time = ECAR
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Rotenone 2-DG
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Automatic Calculation of Extracellular Acidification Rate (ECAR)
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Sequence of Operations and Raw Data: O, vs. time = OCR
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Automatic Calculation of Oxygen Consumption Rate (OCR)
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Seahorse XF Analyzers and Standardized Seahorse XF Assays

XFp Analyzer
8 well

XFe24
Analyzer
24 well

XFe96 Analyzer
96 well

For Research Use Only. Not for use in

diagnostic procedures.

Oxygen Consumption Rate (OCR)
[pmol/min)

Oxygen Consumption Rate (OCR)
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XF Cell Energy Phenotype Test

Mitochondrial Resj

XF Cell Mito Stress Test
Mitochondrial Respiration
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The Mitochondrial Engine:
Electron Transport Chain

Intermembrane

space

omgomen
|

H* ‘
M1
C o Do > H

Effect on OCR H*

1 Y%

H* H+ H+

Mitochondrial
matrix

Compound [Action

FCCP depolarizes mitochondrial inner Increase
membrane
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Agilent Seahorse XF Cell Mito Stress Test

Oligomycin FCccp Antimycin A
&Rotenone Measure the key parameters
360 v of mitochondrial function:
320 » Basal Respiration
280 . i
Spare ATP Production
240 Capacity « Maximal Respiration and Spare
200 Capacity

160 ATP REspiraty

120 Production

Basal
80 Respiration

OCR (pMoles/min)

40 Proton Leak

o ! . .
0O 1M 20 30 40 50 60 7O

TIME (minutes)

XF Cell Mito Stress Test Profile
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Agilent Seahorse XF Cell Mito Stress Test for Mitochondrial
Function

--i--White day 16 —_—Whiie day 18
.= Brite day 16 == Brite day 19

Rotenone &

XF Cell Mito Stress Test g _Oligomycin FCCP antimycan A
Mitochondrial Respiration
it
Oligomycin FCCP Rotenone & E 3
antimycin A

. 360- 'E’_ 150 7
S
g 3201
o 280
9 S
;¢=E 2401 Cag:::?!y
S'E 200- 5
E2 10 g
w o 'ﬁ
5= 120 o
o Time {Fndn)
g 80
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g 40 Rasiglitazone-deprived white and brite hMADs adipocytes
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T i Loft A ef al., (2015) Genes. Dew.

Seahorse XF Cell Mito Stress Test reveals a link
betweean rosiglitazone stimulation and metabolic
profile in hMADs-derived brite adipocytes.
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Agilent Seahorse XF Cell Mito Stress Test for Mitochondrial

Function

XF Cell Mito Stress Test
Mitochondrial Respiration

Oligomycin FCCP Rotenone &
antimycin A

360 -
320
280 -
240 -
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160 -OSS—y
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Spare
Capacity
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Oxygen Consumption Rate (OCR)
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For Research Use Only. Not for use in

B0 = 2D0G Oligomycin FOCP antimycin A

Oxygen Consumption Rate (OCR)
OCR (prolmin g hrotain)

0 25 S0 75 100 125 150 175 200
Time (min)

O Control & 254M = S0uM @ 75uM ¥ 100M

Mouradkan M., &f al., (2014) Mol Carcinoeg.

XF Cell Mito Stress Test reveals the dose-dependent
susceptibility of breast cancer cells to polyunsaturated
fatty acids as shown by a depression in all parameters
of mitochondrial respiration.
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Agilent Seahorse XF Cell Mito Stress Test for Mitochondrial
Function

XF Cell Mito Stress Test
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EF 40 Kenna JG et al., (2015) J Pharmacol Exp Ther.
o

o
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TIME (minutes)

Seahorse XF Cell Mito Stress Test reveals a dose-
dependent reduction in mitochondrial respiration in
human liver-derived cells (Huh-7) following treatment
with sitaxentan, an endothelin receptor antagonist.
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CARDIOVASCULAR
Stress Test Sensitivity Reveals Sub-Lethal
Stress Response and Mechanism

XF Cell Mito Stress Test
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IMMUNO-METABOLISM
Tailoring T Cells to Fight Cancer

Day 7
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tPersistence

tCentral memory

tSRC

tMitochondrial biogenenesis
tOxidative metabolism

(4

CAR-sBeciﬁc

activation

+Persistence

t Effector memory

4SRC

+Mitochondrial biogenenesis
t Glycolytic metabolism

Distinct Signaling of Coreceptors Regulates Specific Metabolism
Pathways and Impacts Memory Development in CAR T Cells
Kawaleka et al. Immunity 2016 February 16
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Real time metabolic analysis delivers a rapid and robust indicator
of activation in minutes

Injection of anti-CD3 .
and anti-CD28 beads s
" P o Fe, el i e of T
- D 0e®, ctivation Using an Agilent Seahorse
48 h post-activation . SFpAnzlyzer
E 100-
;E 20+ — Application Note
s = 75-
o -0- Vehicle e
g 10_ - antI-CDS/CDZB -—E 50_ Authors Abstract
(W] Pamela Swain, Yoonseol k Kam, Immune cells commit to specific Iir‘ueages by integrating signals from many
— 294 o S S S o s e
of immune cell functian. This concept is clearly illustrated in the activation of
0 T T 1 O-
0 50 100 150 o _ _
Time (minutes) Use injection ports to investigate
modulators of T cell activation

kinetics

www.agilent.com/chem/immunology
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A new approach to quantifying macrophage
activation

3007 l
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Agilent Seahorse XF Glycolysis Stress Test

10mMm
Glucose Oligomycin 2-DG

c #® ! Measure the key parameters

= 40 ; of glycolytic function:

= £ 8 - Non-glycolytic Acidification

= e 30 Glycolytic )

ST Reserve » Glycolysis

< 2 25 : ,

~ E  Glycolytic Capacity

© =~ 20 .
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30 " .

o w 10 Glycolysis

@

| S

">—<' 8 _g W

L Non-glycolytic Acidification

0 M0 20 30 40 50 60 70 80 90 100

XF Glycolysis Stress Test Profile

q -
L
ﬁ Cells have an energy reserve to handle acute stress demands &7
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CANCER
XF Glycolysis Stress Test Measures

Glycolytic Phenotype Susceptible to Buffer Therapy

&
N Q &
s & 8

- S §
g 35
e
© 30-
a -@ PC-3M Prostate Tumor Cells
g 25+ -o- PCS Primary Prostate Epithelial Cells
E 20-
E
F 15
g 10-
5 5
O
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o.
S
8
g
g
g

Time (minutes)

Free Base Lysine Increases Survival and Reduces Metastasis in
Prostate Cancer Model
Ibrahim-Hashim, et al., J Cancer Sci Ther 2011, S1
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Agilent Seahorse XF Glycolytic Rate Assay

Seahorse XF Glycolytic Rate Assay Profile

400 - Rot/AA 2-DG
l ®—® Total Proton Efflux
:E : &:l';::m” 4 - & Glycolytic Proton Efflux ° aCCOU ntS for COZ
= 300 = ' . .
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Time (min)
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Glycolytic Rate Assay : Determining the Rate

— MCEF-7 ctrl
- Convert ECAR to PER (using BF and Kvol) = i = FER
. : = -*- glycoPER
« Calculate mitoPER (using CCF and OCR) = 3001
=
* Subtract mitoPER from PER to obtain glycoPER = 2007
E 100+
Seahorse XF Glycolytic Rate Assay Profile 0 . : . .
Rot/AA 206 0 20 40 60 80

) =

Time (minutes)

#—® Tgtal Proton Efflux
# = # Glycolytic Proton Efflux

MCF-7 DOX

10001
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2001
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0 0 20 30 &0 1] ]
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A431 cells: Highly glycolytic

AA/Rot  2-DG 92% glycolytic acidification
100+ 1 l 8001
.’g 80 .
S o | S 6007 o PER
g w0 mito <
o OCR o
S 2 g“m'
0 T T T oc
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%_ 601
£ 401
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204
0 . . : PER (pmol/min) 475 + 4
0 b ) ; glycoPER (pmol/min) 437 + 4

Time (minutes)

diagnostic procedures.
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Bovine Aortic Endothelial cells (BAEC) : Highly oxidative

AA/Rot 2-DG
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XF Glycolytic Rate Assay Report Generator outputs

Parameter Units | Average Average
Basal Glycolysis pmol/min 140 294
Basal Proton Efflux Rate | pmol/min 236 419
% PER from glycolysis % 59% 70%
Compensatory Glycolysis | pmol/min 379 838
B mitoOCR/glycoPER : 1.13 0.71
Post 2-DG acidification pmol/min 81 99

For Research Use Only. Not for use in
diagnostic procedures.
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Agilent Seahorse XF Real-Time ATP Rate Assay

Seahorse XF Real-Time ATP Rate Assay

An assay that quantifies ATP production rates Bioenergetic profile
from mitochondrial respiration and glycolysis
simultaneously, in real time, and in live cells.

~ Total

1. Is a powerful new measure of cell function.

ATP Production Rate (pmol/min)

Agilent Seahorse XF Real-Time ATP Rate Assay

2. Offers a new perspective on ATP dynamics Oigomyin Rou/An

and provides new insights into your by
research model. AW e R
& Producionrate | & 40
3. Quantifies metabolic switching with a e producton et ; oA
definitive view of cell energy metabolism Ev 'ﬂ
and identifies pathway liabilities. R

glycoATP Production Rate
(pmol » min » 1x10% cells)

For Research Use Only. Not for use in gt . -
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Estrogen Receptor Positive (ER+) Breast Cancer Cell Lines
are More Oxidative than ER- or Control Cell Lines

Energetic map
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Agilent Seahorse XF Substrate Oxidation Stress Test

500+ - . .
Inhibitor or Oligomycin FCCP Rotenone/
medium antimycin A
400
Accute
response
—_ Response to
£ 300 “® Control inhibitor at Maximal
= 1 4 + Inhibitor basal
\—6 respiration Higher
E substrate
o Smaller demand
— response
% 2004 range
o (AOCR)
1004 Basal
Lower
substrate
demand
O Non-mitochondrial oxygen consumption
60 80

0 20

For Research Use Only. Not for use in
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IMMUNOLOGY
Spare Capacity Affects Memory T Cell
Development and Survival

Rotenone +
Oligomycin FCCP Antimycin A

600 =
@ Naive T cells

-® Effector T cells
O Memory T cells

M
o
]
*
*

400 -

—

OCR (pMoles/min)
Q

ECAR (mpH/min)
> o

-]
L

0 20 40 60 80 100 Tn  Teff memory

) ) cells cells T cells
Time (minutes)

Mouse Lymphocytes

Mitochondrial respiratory capacity is a critical requlator of CD8+ T cell memory development
van der Windt, JW, ... and Pearce, EL, Washington School of Medicine. Immunity 2012 Jan 27

For Research Use Only. Not for use in
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IMMUNOLOGY
Spare Capacity in CD8+ T Cells is
Dependent on Mitochondrial Fatty Acid Oxidation

Control or Rotenone +
Etomoxir Oligomycin FCCP Antimycin A
8007 L
6007 | iR e
i i O |

OCR (pMoles/min)
N i
o o
o o

o

—
25 50 75 100 125
Time (minutes)

o

! (‘“Z"'J Top 25 Hottest Articles

Mitochondrial respiratory capacity is a critical requlator of CD8+ T cell memory development
van der Windt, JW, ... and Pearce, EL, Washington School of Medicine, Immunity 2012 Jan 27
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Agilent Seahorse XF Palmitate Oxidation Stress Test

400 Etomoxir or Rotenone/
medium Oligomycin Fccp antimycin A
Accute
@ BSA response
. O BSA+ Eto — 7 Key Assay Parameters
E - Palmitate Ln:;::mfm .
“‘_5 1} Palmitate + Eto reopation ::::lc?r.::t?
= smallr N U Basal OCR
(= — Response to inhibitor
EE' 200 — ::a.bl:'.)ggﬂ) at maximal respiration
8 Larger respanse D ACUte Response
range(AQCR)
o O Maximal OCR

0 20 40 60 80 100
Time (minutes)
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Real-time ATP

Mitochondrial
function
Cell Mito
Stress Test
Specific oxidation
of palmitate
Palmitate
Oxidation ¢_/ \__
Stress Test N &
(Advanced
workflow)
ks
E PMP: Plasma
| Membrane
E Permeabilizer

e o o R G S e K ol s S Sl I P
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