CONTENTS

Gontributors ¥
Prefoce xix
1. The Metabolic Alterations of Cancer Cells 1
Marco Sciacovelli, Edoardo Gaude, Mika Hilvo, and Christian Frezza
1. Introduction 3
2. Aerobic Glycolysis: & Hallrmark of Cancer Cell Metabolisrm 3
3. Mitochondrial Metabolisrm in Cancer Cells
4. Lipid Metabolism in Cancer Cells 15
5. Future Perspectives; Altered Metabolism Shapes Tumar Evalution T
& Conclusions 17
Befarances 1B
2 Autophagy and Cancer Metabolism 25

Juliet Goldsmith, Beth Levine, and Jayanta Debnath
1. Introduction 26
2 Owerview of the Autaphagy Machinery 27
3 Metabolic Stimuli Regulating Autophagy 3
4  Autophagy and Tumor Suppression 36
5. Tumor-Promating Functions of Autophagy 40
6 Conclusion 47
Acknowledgments 47
References 47

3 Regulation of Cancer Metabolism by Oncogenes
and Tumor Suppressors 59

Baffaella lurlaro, Clara Lucia Ledn-Annicchiarico,
and Cristina Mufoz-Pinedo

1. Introduction &0
2 HIF-1: Regulator of Hypoxic Responses and Cancer Metabalism &1
3. The PI3K-AKT-FTEN Pathway Regulates Metabolism a2

4 mTOR Controls Anabclism and It 1s Inhibited By AMPE Upon
Metabolic Stress
5. oMyc Promotes Aerobic Anabolism

& %




Wi Contents

Ras Stimulates Glycolysis and the PPP 65
7. MF-kappaB Regulates Inflammation and Proliferation

But Alzo Metabalism !
8. Retinoblastoma: Suppressing Tumaorogernesis and Anabolism 70

9. p53 Requlates Multiple Metabolic Pathways 71
10. Conclusions 4
Acknowledgments 74
Referances 4

4, Cross Talk Between Cell Death Regulation and Metabolism 81

Simone Fulda

1. Introducticn a1
4 2. Signaling to Programmed Cell Ceath B2
3. Bioenergetic Regulation of Programmed Cell Death B3
4, FRedox Sigraling and RO Critical Begulators of Programmed
Cell Death Bf
5. Destructive ROS During the Execution of Cell Death B7
6. Conclusions BE
Acknowledgments Fel
References BB
5. Techniques to Monitor Glycolysis g7
Tara TeSlaa and Michael A. Teitell
1. Introduction g2
2. Measuring Glucose Uptake and Lactate Production o3
3. Measuring the Activity of Rate-Limiting Glycolytic Enzymes 0
4. Metabolite Measurements and Glucose Tracing 106
5. Summary '
Acknowledgrments
References 112
6. Measurement of Enolase Activity in Cell Lysates 115
Keigo Fukano and Kazuhiro Kimura
1. Introduction 115
2. Assay of Enclase Activity 118
3, DEAE-Celluloze Chromatography 122

Feferences 122




Lo

7. Extracellular Flux Analysis to Monitor Glycolytic Rates
and Mitochondrial Oxygen Consumption

Martin Pelletier, Leah K. Billingham, Madhu Ramaswamy,
and Richard M. Siegel

L introduction

4 Techniques to Evaluate Immune Cell Bioenergetics

3 Bioenergetic Profiling of Immune Cells Using the XF Bxeracellular
Flux Analyzer

4 Sygmmary

Befevences

& Conventional Techniques to Monitor Mitochondrial
Oxygen Consumption

Helene Simonnet, Arnaud Vigneron, and Jacques Pouysségur

L introduction

2 Frinciples of Cell Respiration Measurements

2 Conventional Measurement of Oxygen Consumption
Sgreraroes

Use of Safranin for the Assessment of Mitochondrial

Membrane Potential by High-Resolution Respirometry

and Fluorometry 163
Geshard Krumschnabel, Andrea Eigentler, Mario Fasching, and Erich Gnaiger

introduction
Preparation of Mitochondrial Thorm
88 and Determination of mihP by Safranin
Limitations of Safranin as mivP Indicator
Respirometry with Homogenate
Optimization of Conditiens far Use of Safranin
. An Application Exarnple
& Condusions
Befmrorces
Minetic Analysis of Local Oxygenation and Respiratory

Besponses of Mammalian Cells Using Intracellular
Oxygen-Sensitive Probes and Time-Resolved Fluorometry

Meander V. Zhdanov, Ruslan . Dmitriev, James Hynes,
and Dmitri B. Paphkovsky

L Inmoduction
2 Experimental Design and Protocols




wiii Contents

Acknowledgments 4
References 204

11. Cell-Based Measurements of Mitochondrial Function
in Human Subjects 209

Iz Ju-Gyeong Kang, Ping-yuan Wang, and Paul M. Hwang

i 1. Introduction 0
| 2. Blood Lymphocyte Protocol 140
_ 3. Skeletal Muscle Myoblast Protocol 215
| 4, Data Analysis 119
| Acknowledgments 171
| Referances 221

| 12. Use of Chemical Probes to Detect Mitochondrial ROS by Flow
Cytometry and Spectrofluorometry 223

Jing Chen and Clayton E. Mathews

1. Intreduction 224
2. Mitochondrial ROS Production 124
3. Methods to Detect ROS Production 229
4, Concluding Rermarks 237
Acknowledgments 238
Feferances 238

13. Methods to Monitor ROS Production by Fluorescence
Microscopy and Fluorometry 243

| Aleksandra Wojtala, Massimeo Bonora, Dominika Malinska, Paclo Pinton,
]
| Jerzy Duszynski, and Mariusz R. Wieckowski
|
I
I
|

1. Introduction 244
2. Measurement of Reactive Oxygen Species Production in Intact
Adherent Cells Using Fluorescent Probes 245
3. Quantification of Protein Level with the Use of the
SRE Assay 251
. 4. Measurement of Mitochondrial ROS Production in Permeakilized Cells
| with the Amplex Red Flugrescent Probe 252
5. Measurement of ROS by Fluorescence Microscopy 255
Acknowledgments 260

References 260




ically Encoded Redox Sensors
W& Kan Chiu, Atif Towheed, and Michael ). Pallzading

Introduction ,
* Endogenously Encoded Redox Sensors
Ef!igir\eered Genetically Encoded Fedox Sensors
Duadative Stress in Cancer and Potential Applications of Redox
Sensors in Oncology Research
Urmitations and Future of Cenetically Encoded Redax Sensors
Sumnmary
eesenes

se of Genetically Encoded Sensors to Monitor Cytosolic
ATP/ADP Ratio in Living Cells

\ Bpcksi L Tarasov and Guy A. Rutter

B Introduction

B3 Spenmental Compoenents and Considerations

B Typical Experiment: [ATP/ADP].,, in Pancreatic f-Cells
. Semmary

i Adinowiedgments
e

=hods to Monitor and Compare Mitochondrial
and Glycolytic ATP Production
Semone Patergnani, Federica Baldassari, Elena De Marchi, Agnieszka
- Martwoinska-Wieckowska, Mariusz R. Wieckowski, and Paolo Pinton
BN Eetroduction
S 2 Monitoring Intracellular ATP Using Luciferase-Based Technigues
3 Monitoring Intracellular ATP Using Alternative Enzyimiatic Methods
A Sammary
Arfmowiedgments
I eesences
3 of ADP-ATP Exchange in Relation
= Mitochondrial Transmembrane Potential and
Omygen Consumption
 Distos Chinopoulos, Gergely Kiss, Hibiki Kawamata, and
. Beamoly A Starkov
L Imroduction
2 Methodology




% Contents

3. Conclusions and Comments 346
Acknowladgments 347

References 347

18. Real-Time Assessment of the Metabolic Profile of Living
Cells with Genetically Encoded NADH Sensors 349

Yuzheng Zhao, Yi Yang, and Joseph Loscalzo

1. Introduction 350
2. Experimental Components and Considerations 352
3, Initial Characterization Experiments 355
4. Steady-State and Kinetics Experiments 158
5. Data Handling/Processing 34
! 6, Summary 364
Acknowledgments 365
References 365

19. 3¢ Isotope-Assisted Methods for Quantifying Glutamine
Metabolism in Cancer Cells 369

Jie Zhang, Woo Suk Ahn, Paulo A, Gameiro, Mark A. Keibler, Zhe Zhanag,
and Gregory Stephanopoulos

1. Introduction 370
2. Methods 372
3. Applications 3H0
4, Surnmary 3BE
Acknowledgments a7
References 387

20. Measurement of Fatty Acid Oxidation Rates in Animal
Tissues and Cell Lines 391

Frank K. Huynh, Michelle F. Green, Timothy R. Koves,

and Matthew D, Hirschey

1. Introduction 392
2. Protocal Ovendew 3493
3, Eguipment 306
4, Materials 396
5. Protocol 399
6. Data Handling and Calculations A0
Acknowledgments 404

References A05




to Assess Lipid Accumulation in Cancer Cells
Side=land, Yang Jin, and Fahri Saatcioglu

sis of Hypoxia-Induced Metabolic Reprogramming
ang Yang, Lei Jiang, Huafeng Zhang, Larissa A. Shimoda,
1 DeBerardinis, and Gregg L. 5emenza

Ieockaction

Emosure of Cells to Hypoxic Culture Conditions

A=ations in Glucose Uptake and Metabolism

Induction of Mitochondria-Selective Autophagy
L Mantenance of Intracellular pH
terowiedgments

Ee *

Ingex
Ingiex




