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Product Specialist  
Cold Spring Biotech Inc. 
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A Better Option: Real-Time Cell Metabolism in a Microplate 

演示者
演示文稿备注
You have choices in measuring metabolism.  The clark electrode which is 50 years old measures mitochondrial respiration in isolated mitochondria.The mass spec provides detailed analysis of intermediate products of the TCA cycle. But it provides a snap shot it is not real time and provides little information on what is happening with oxphos and glycolysisFluorescent dyes let you measure membrane potential or mitochondrial massThe seahorse lets you measure metabolism in a microplate in real time in minutes in a format you are used to working with.

http://www.google.com/products/catalog?hl=en&sugexp=gsis,i18n=true&cp=13&gs_id=14&xhr=t&q=toaster+picture&qe=VG9hc3RlciBwaWN0dQ&qesig=pVf1V1rGtb523h_0YfdnnA&pkc=AFgZ2tmk3MWnhYHKZQQw7a86Bdv-5rwu0fN7EoBUn0AC3rcCIUiscaf3jxVl7TVykKkUjK3ub9ghtgCUv3vs2xAx02oeHl-LAg&gs_upl=&bav=on.2,or.r_gc.r_pw.&biw=1376&bih=613&wrapid=tljp1316316320877014&um=1&ie=UTF-8&tbm=shop&cid=13873064732504547290&sa=X&ei=x2Z1TveOFoTF0AHP0qjLDQ&sqi=2&ved=0CDoQ8gIwAw�
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http://www.google.com/products/catalog?hl=en&sugexp=gsis,i18n=true&cp=13&gs_id=14&xhr=t&q=toaster+picture&qe=VG9hc3RlciBwaWN0dQ&qesig=pVf1V1rGtb523h_0YfdnnA&pkc=AFgZ2tmk3MWnhYHKZQQw7a86Bdv-5rwu0fN7EoBUn0AC3rcCIUiscaf3jxVl7TVykKkUjK3ub9ghtgCUv3vs2xAx02oeHl-LAg&gs_upl=&bav=on.2,or.r_gc.r_pw.&biw=1376&bih=613&wrapid=tljp1316316320877014&um=1&ie=UTF-8&tbm=shop&cid=13873064732504547290&sa=X&ei=x2Z1TveOFoTF0AHP0qjLDQ&sqi=2&ved=0CDoQ8gIwAw�
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XFe Analyzers Measure the Two Major Energy Pathways 

Extracellular 
acidification rate 

(ECAR) 

= 
Glycolysis 

 

Oxygen Consumption Rate 
(OCR) 

= 
Mitochondrial Respiration 



XF Cell Culture Microplate 

Assay Medium 

Solid State Sensor 

Cell Monolayer 

 Sensor 
Probes 

Fiber Optics 

Well 1 Well 2 

Measuring Mitochondrial Respiration  
and Glycolysis in a Microplate 

演示者
演示文稿备注
And now it’s time for show and tell



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

The bio-
cartridge is 

raised, bringing 
the system back 

to baseline 

The sensor 
cartridge is 

raised, bringing 
the system 

back to 
baseline 

A transient 
micro-

chamber is 
formed 

Well 1 Well 2 

Measuring Mitochondrial Respiration  
and Glycolysis in a Microplate 
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A temporary 
microchamber 
is formed 

The bio-
cartridge is 
raised, 
bringing the 
system back 
to baseline 

The bio-
cartridge is 
raised, 
bringing the 
system back 
to baseline 

The bio-
cartridge is 
raised, 
bringing the 
system back 
to baseline ECAR 

OCR 

The rate is 
calculated 
from the 
slope 

Metabolism in a Microplate- 
Cellular bioenergetics for the 21st century 



Automated Drug Injection Ports  
Enable Kinetic, Functional Data 

   

• 4 drug injection ports per well 
   

• Add inhibitors, stimulants, 
substrates, and compounds  
   

• Injections are defined  by 
the user 

演示者
演示文稿备注
Don’t explain the stress test just show how we inject four drugs.



What is making XF Analyzer unique for scientists 

 Platform to simultaneously measure two parameters (OCR and ECAR) 

 Rapid, real- time and label-free technology 

 Microplate format and high throughput 

Wide kinds of cells: Assays adherent cells, suspension cells and 

subcellular components 

 Up to four injection ports 

 Sensitive and precision optical microsensor detection system 

 Intuitive software with touch screen interface and data analysis system 

演示者
演示文稿备注
BD Cell-Tak细胞和组织粘合剂是一种多酚蛋白，可以使细胞或者组织粘附在各种材料表面，包括塑料、玻璃、金属和各种生物材料。Cell-Tak有着良好的生物相容性，且无种属特异性，能够简化包括原位杂交、免疫组化和原代细胞培养等各种技术中的生物学样本的操作。BD Cell-Tak已经成功用于精子细胞、T47D人乳腺癌细胞和嗜中性粒细胞的培养。



Seahorse XF Extracellular Flux Analyzers, FluxPaks & Kits 

XFe 24细胞代谢分析仪 XFe 96细胞代谢分析仪 

XF测试样品制备仪 



Application 

神经退行性疾病 

肥胖、糖尿病和代谢紊乱 

线粒体疾病 

衰老 

癌症 

转发医学 

模式生物 

毒性学 心血管疾病 

免疫学 

药物筛选 



Krebs 
Cycle 
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Peter S. Rabinwitch after Mandavilli et al,  Mutation Research 509 (2002) 127–151 

Mitochondrial Electron Transport Chain 
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Oligomycin 
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& Rotenone 



Basal 
Respiration 

ATP 
Production 

Proton Leak 

XF CELL MITO STRESS TEST 
The Gold Standard That Makes You a Bioenergetics Expert 

XF Cell Mito Stress Test Profile 

Spare  
Capacity 

Maximal 
Respiration 

Non-mitochondrial Respiration 

Kit measures the key parameters  
of mitochondrial function: 
• Basal Respiration 

• ATP Production 

• Maximal and Spare Capacity 

• Proton Leak 

演示者
演示文稿备注
This is how it works



XF GLYCOLYSIS STRESS TEST 
XF Glycolysis Stress Test Kit 

XF Glycolysis Stress Test Profile 

Glycolytic 
Capacity 

Non-glycolytic Acidification 

Glycolytic 
Reserve 
Capacity 

Measures the key parameters  
of glycolytic function: 

• Non-glycolytic Acidification  

• Glycolysis 

• Glycolytic Capacity 

• Glycolytic Reserve  Glycolysis Glycolysis E
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XFe Metabolic Phenotype Assay - PhenoGram 

Measures the metabolic  
state of cells: 

Warburg Effect 

Reverse Warburg Effect 

Crabtree Effect 

Pasteur Effect 

• More Metabolic 

• Less Metabolic 

• Glycolytic 

• Aerobic 

Memory T Cells 

Neurons 

H460 Lung Cancer Cells 

Pluripotent Stem Cells 



XFe Assays Measure Metabolic Switching （Cancer, Diabetes and Obesity） 

+Glc 

-Glc 

                  Substrate Induced Signaling Pathway Induced Gene Induced 

0 
0 40 60 20 80 

100 

300 

200 

400 

O
CR

 (p
m

ol
 m

in
-1

) 

ECAR (mpH per min) 

Fh1fl/fl 

Fh1-/-CL1 

Fh1-/-CL19 

Hedgehog partial agonism drives Warburg-like 
metabolism in muscle and brown fat.  
Teperino R, et al., Cell. 2012 Oct 12;151(2):414-26. 

Switching from aerobic glycolysis to oxidative 
phosphorylation modulates the sensitivity of mantle cell  
lymphoma cells to TRAIL.  
Robinson et al. Oncogene. 2012 Nov 29;31(48):4996-5006. 

Haem oxygenase is synthetically lethal with the tumour 
suppressor fumarate hydratase.  
Frezza et al. Nature. 2011 Aug 17;477(7363):225-8. 

Adipocytes +/- Hedgehog ligand Mantle cell lymphoma cells +/- glucose Kidney epithelial cells +/- fumarate hydratase  

Aerobic More 
Metabolic 

Less 
Metabolic Glycolytic 

演示者
演示文稿备注
1.科学家们发现了一种罕见的情况，在遗传性平滑肌瘤肾癌中（HLRCC），延胡索酸水合酶在癌细胞中表达缺失，但细胞仍然能够生长。通过研究，科学家发现在这些细胞中会启动一条合成并分解名为haem分子的通路，以弥补TCA循环的缺失（haem分子是TCA循环中的一种重要副产物）。通过阻断Haem加氧酶(血红素氧化酶haem oxygenase, HO)的这种关键酶的活性，他们能特异性靶向杀死延胡索酸水合酶缺失的癌细胞的同时，对正常的肾脏细胞没有影响。英国格拉斯哥Beatson癌症研究所的主任Eyal Gottlieb教授说道：“通过使用最新的化学和计算机技术，我们才能有效的观察细胞中能量反应的每一步，并预测阻断这些通路可能造成的影响。有了这项研究的基础，我们将尽快在HLRCC病人中确认我们的发现并最终研发出能靶向杀死这些肾癌细胞的药物。不仅仅如此，我们还会在其它不同的癌细胞确认是否存在有类似的情况，这会是治疗许多癌症的有效手段。”2. TRIAL对特定肿瘤有特异性，但是原发性慢性淋巴细胞白血病和套细胞淋巴瘤细胞有抗性的。本文表明细胞代谢影响细胞死亡，MCL细胞（Z138细胞系）能够在无葡萄糖培养基中通过开启从有氧酵解到偶联氧化磷酸化过程生存/增殖。在糖酵解缺失时，Z138细胞增强呼吸能力偶联到ATP合成。3.一个调控细胞代谢的新分子环路,从前未知的信号通路在hedgehog蛋白下游起作用，可不依赖胰岛素促使肌肉细胞和棕色脂肪细胞吸收糖。被用于治疗糖尿病和肥胖。Hedgehog是对抗癌症、糖尿病和多余体重的非常有前景一个的药物靶点。（FDA）批准了首个hedgehog抑制剂Vismodegib用于治疗癌症。显示了严重的副作用，例如体重减轻和肌肉痉挛，以致研究中超过一半的参与者不得不停止继续使用药物。没有通过线粒体来促进高效的能量代谢，新hedgehog信号通路通过乳酸发酵作用促进了低效率的代谢。“我们用各种物质靶向Smo蛋白，发现了有一些抑制剂并没引起钙或葡萄糖值增高，极其重要的是相同的这些抑制剂也没有引起培养物中的肌肉组织收缩。开发这样具有最小副作用的药物因此是完全有可能的，”Pospisilik说。



Seahorse Simplifies Measuring Cellular Metabolism  

XF Cell Mito Stress Test Profile 

演示者
演示文稿备注
So that’s what we do. We make it easier for you use bioenergetics in your research. Now the FAS will show you customer data.



TRANSLATIONAL MEDICINE  
Stress Test Identifies Mitochondrial Dysfunction in Diseases 

Data courtesy of Dr. Pinar Coskun, 
 Department of Neurobiology and Behavior at UC Irvine 

Parkinson’s Disease  
        Lower spare capacity in patient 
          

HIV * 
     Lower spare capacity in patients 

Autism  * 
     Higher spare capacity in patient 
      

Multiple acyl-CoA dehydrogenase deficiency (MADD) ** 
       Higher spare capacity in patient 
         
 
 

PLoS One. 2009 Dec 17; 4(12):e8329. 
Song Y et al 

Cell type:  
Lymphocytes 

Cell type:  
Fibroblasts 

Cell type:  
Fibroblasts 

Cell type:  
Fibroblasts 

Patient Patient 

Patient Patient 

Data courtesy of James Bennet Lab 
University of Virginia 

Data courtesy of Sher Hendrickson  
NCI/NIH Frederick 

演示者
演示文稿备注
The parkinson patient represents a subset of patients. They are now investigating why this subset has lowered spare capacity



High Glycolytic Capacity and Impaired Oxidative 
Phosphorylation in Tumor cells 
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Am J Physiol Cell Physiol; 2007 Jan 



NEURODEGENERATION  
Spare Capacity Reveals More Than Basal Metabolism  

0 24 

Free Radic Biol Med. 2011 Apr 1; 50(7):866-873. 
Impaired spare respiratory capacity in cortical synaptosomes from Sod2 null mice 
Flynn J M, Choi S W, Day N U, Gerencser A A, Hubbard A and Melov S 

  BASELINE   OLIGO           FCCP           ROT / MYX 

Sod2 +/+ 

Cell type:  
Mouse  CD-1 
Synaptosomes 

演示者
演示文稿备注
In vivo oxidative stress impairs mitochondrial spare respiratory capacity in Sod2 mice.在SOD2敲除的老鼠中大脑皮层突触小体的备用呼吸能力受损伤的。No statistically significant difference in the level of basal respiration was observed between synaptosomes prepared from�control wild type animals versus Sod2 null animals. However, synaptosomes isolated from cortices of sod2 null mice�exhibited a dramatically lower level of induction of maximal respiration rate.1.使用抗氧化剂处理SOD缺失的老鼠可延长其寿命多达4倍，没有抗氧化剂处理，老鼠第一周就会死亡。2.线粒体功能几个参数只有备用呼吸能力丧失，其他都没有明显变化，SOD缺失老鼠突触体中，线粒体酶活性（呼吸链酶和TCA循环酶催化活性）损伤，ROS含量上升；检测ROS水平使用的染料是DHE和MitoSOX，它们会和活性氧作用，导致荧光信号的增加。3. 在基础呼吸率方面，没有明显的统计学意义，在备用呼吸能力方面野生型明显保持高水平，而基因敲除型丧失了这种储备能力。



Endocrinology, February 2011 Dec:152(2):556-567 
Medroxyprogesterone Acetate Antagonizes Estrogen Up-Regulation of Brain Mitochondrial Function 
Ronald W. Irwin, Jia Yao, Syeda S. Ahmed, Ryan T. Hamilton, Enrique Cadenas, and Roberta Diaz Brinton 

Primary rat hippocampal neurons Primary rat mixed glia 

NEURODEGENERATION    
Stress Test Reveals Link Between Cytosol  
and Hormone Therapy in Primary Neurons and Mixed Glia 

Medroxyprogesterone [MPA] reduces the protective effect of estrogen [E2] 
in primary hippocampal neurons and mixed glia  

E2 +MPA 

E2 E2 

E2 +MPA 

Whole rat forebrain mitochondria 

E2 E2+MPA 
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Biochem J. 2009 Nov 15;425(1):99-107 
Importance of the bioenergetic reserve capacity in response to cardiomyocyte stress induced by 4-hydroxynonenal 
Bradford G. Hill, Brian P. Dranka, Luyun Zou, John C. Chatham and Victor M. Darley-Usmar 

CARDIOVASCULAR  
Stress Test Sensitivity Reveals 
Sub-Lethal Stress Response and Mechanism 

XF Cell Mito Stress Test 

20 µM HNE 

Cell type:  
Neonatal Rat 
Ventricular 
Myocytes 

演示者
演示文稿备注
HNE诱导的心肌细胞压力，生物能量储备重要性。急性和慢性心肌损伤对氧化剂影响很大。目前现有技术很多都是测分离的线粒体，活性脂质HNE诱导压力实验，随着HNE浓度增加，氧气消耗率增加，直到储备能力丧失后。储备能力丧失后，呼吸被抑制，导致蛋白质变化和细胞死亡。结果就是HNE对心肌细胞有损伤通过降低储备能力。与MTT方法比较，强调实时和短时间检测的重要性。



STEM CELLS   
Stress Test Reveals Differentiation Status 

J Cell Sci. 2011 Feb 1;124(Pt 3):348-58 
A reduction in ATP demand and mitochondrial activity with neural differentiation of human embryonic stem cells 
Birket et al 

Multipotent I6 neural stem cells  
Pluripotent I6 human embyronic stem cells  

Differentiated I6 neural stem cells 
BJ fibroblasts  

Human embryonic stem cells have higher levels of mitochondrial respiration  
and a greater proportion of ATP production through mitochondrial respiration 

演示者
演示文稿备注
1.为了减少活性氧产生，在体内干细胞主要是依赖无氧酵解作用来提供ATP能量，在体外不是这样；2. hESCs通过氧化磷酸化产生大约77%的能量ATP，在hESCs分化到NSCs过程中，氧化磷酸化在绝对值下降，更主要对糖酵解比例方面也下降；3. hESCs更偏向于氧化磷酸化供ATP能量是与线粒体基因调控子的表达水平调控子相关。与分化的细胞类型相比，hESCs中peroxisome-proliferator-activated receptor g coactivator过氧化物酶体-增殖-激活受体共激活因子(PGC)-1a, PGC-1b 和receptor-interacting protein 140 (RIP140)表达水平更高。4.细胞生长率没有减少情况下，ATP能量需求分析表明NSCs中较慢的ATP利用率与大多数需要能量的过程较慢的速率相关。这种不一致可能是由于hESCs中更高大分子分泌率相关，这已经得到电镜证实。本文对从hESCs到静态体细胞的代谢过渡提供了新的理解。5.hESCs的基础呼吸率很高，ATP偶联部分也很高，但到了NSC都下降，表明线粒体ATP输出下降，最大呼吸能力也是这个趋势。6.ATP计算是使用Seahorse数据，进行转化P/O比例2.3，H+与ATP比例是1:1，hESC有最高的ATP周转率。



IMMUNOLOGY  
Spare Capacity Affects Memory T Cell Development and Survival 

Immunity 2011 December 28 
Mitochondrial respiratory capacity is a critical regulator of CD8+ T cell memory development  
van der Windt, JW, … and Pearce, EL, Washington School of Medicine 

Naïve T cells 
Effector T cells 
Memory T cells 

Cell type:  
Mouse Lymphocytes 
Spleen & Lymph Nodes 
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演示文稿备注
使用免疫细胞B和T cell试验时有一个关注点，就是免疫原性问题，当固定到培养表面时，细胞的交联是否会激活细胞，这是不可能的。至少有两方面的原因：1.固定的细胞是在非常短时间内就被分析了，典型是2h,早于早期的活化标记物CD26的表面表达；2.也证明了刺激和不刺激的B细胞有明显的生物能量差异，naïve T Cell并没有被固定激活。Poly-D-lysine多聚赖氨酸也被成功的使用。1.与Tn cells和Teff cells相比，memory T cells 基础呼吸率略微高，但是具有很大的备用呼吸能力；2. 糖酵解基础呼吸ECAR值Teff细胞最高，表明Teff主要利用无氧呼吸，memory T cells 在基础呼吸率方面OCR和ECAR都低，但是OCR/ECAR值较高，表明主要利用有氧呼吸。3. 检测SRC备用呼吸能力应对压力的主要作用，能够长期存活和发育基础。



IMMUNOLOGY  
Spare Capacity in CD8+ T Cells is Dependent  
on Mitochondrial Fatty Acid Oxidation 

Immunity 2011 December 28 
Mitochondrial respiratory capacity is a critical regulator of CD8+ T cell memory development  
van der Windt, JW, … and Pearce, EL, Washington School of Medicine 

Cell type:  
Mouse Lymphocytes 
Spleen & Lymph Nodes 
Fatty acid source is FBS 
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1. IL-15能够促进Memory T cell的发育，主要是支撑CD8+ T Cells的备用呼吸能，Memory T cell 增加的备用呼吸能力是依赖于FAO，使用CPT1抑制剂etomoxir（阻断线粒体FAO氧化）处理，损伤了IL-15促进的SRC能力；Memory T cell主要依靠FAO来供能，如果阻断，会影响它的生存率。2. 线粒体FAO增强了T Cell Survival和促进CD8+ memory T cell发育。3. 未来免疫治疗药物制剂的研发，应该保护线粒体备用呼吸能力或诱导线粒体再生，怎么样对成功治疗和疫苗研发的影响。4. 备用呼吸能力是与脂肪酸氧化FAO相关的，FAO限速步骤是通过肉碱棕榈酰转移酶carnitine palmitoyl transferase CPT1从细胞质中将FA脂肪酸转移到线粒体中，FAO通过CPT1a调控备用呼吸能力SRC和CD8 +记忆性T细胞发育。Etomoxir是CPT1酶的抑制剂，使用它处理IL-15 Memory T Cells能够阻断FAO，实验结果也证明同时降低了基础呼吸能力和备用呼吸能力，也证明了IL-15 Memory T Cells利用FAO作为主要能量来源。5.我们发现对CD8+记忆性T细胞关键的细胞因子白细胞介素15（IL-15）可调节的备用呼吸能力和氧化代谢，通过促进线粒体再生和肉碱棕榈酰转移酶carnitine palmitoyl transferase（CPT1A）的表达，这个代谢酶控制线粒体脂肪酸氧化（FAO）的限速步骤。这些结果表明，细胞因子如何通过调节线粒体代谢来控制感染后记忆性T细胞的生物能量稳定性。



XF FAO Kit  
XF Palmitate-BSA FAO Reagent  

Provides the first fully validated and 
standardized Palmitate-BSA FAO 
reagent: 

• No substrate preparation 
• Activity tested 
• Quality controlled 

演示者
演示文稿备注
Simplify measuring bioeneberXF substrate assay is easier and more dynamic than radiometric assayFAO of muscle cells are enhanced by metformin



SCREENING 
Drug Discovery and Toxicity Results from first pass screen of  LOPAC library 

(1,280) for mitochondrial biogenesis and toxicity 

Cell type: 
Primary Rabbit 
Renal Proximal Tubule Cells (RPTC) 

Anal. Biochem. (2010) Sept 1; 404(1):75-81 
A high-throughput respirometric assay for mitochondrial biogenesis and toxicity  
C.C. Beeson et al.  

Cisplatin 
HgCl2 

SRT1720 
AICAR 
Metformin 

Tr
ea

te
d 

FC
C

P 
m

ax
im

al
 O

C
R

 / 
Ve

hi
cl

e 
co

nt
ro

l 

演示者
演示文稿备注
1. 使用高通量技术检测线粒体生物合成和毒性试验来用于药物的筛选。2. 药物对线粒体毒性通常也对细胞的毒性，与此对照，线粒体生物合成增加细胞的活性，所以线粒体生物合成在对抗衰老等疾病方面有意义。3.图形解释，横坐标是检测的化合物的孔个数，纵坐标是FCCP偶联的效率与空白的比率，不同颜色代表不同的板子，每个点代表不同的药物，中间的黑线是中间值（对照），两边的其他线是高于和低于标准偏差STDV=1和STDV=3时范围，药物制剂标准偏差≧1是潜在的生物合成诱导剂，标准偏差≦1是潜在的毒性物质。4. 大多数化合物都没有影响，表明对活性化合物很好的选择性，促进线粒体再生的化合物能够增加FCCP解偶联的效率，大于对照20-50%（大于1标准偏差），具有线粒体毒性化合物降低FCCP偶联率低于对照20-50%；高于1个标准偏差或低于一个标准偏差的最可能用于线粒体的诱导或毒性。5. Nature Biotechnology上发表了一个文章，使用OCR/ECAR,用这个参数的比值变化来筛选抗肿瘤药物，说明两个代谢途径的转换，使肿瘤代谢转换成有氧代谢，同时对心肌细胞和神经元细胞相反，使之转换成无氧呼吸，具有心肌保护或神经保护作用。



检测整体胰岛功能的胰岛捕获微孔板 

Tissue  micro-chamber 
(3 mm diameter, 
 200-350 µm high 

Screen -  
200 µm mesh 
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1. The rate of change of the analytes is calculated from the slope generated during the measurement2. The steeper the slope the faster the rate200mesh就是1平方英寸内（2.54厘米*2.54厘米=6.25平方厘米）有200个孔，即每平方厘米内有33孔



MODEL ORGANISMS 
Beyond Cells  

Data courtesy of Auwerx Lab 
École Polytechnique Fédérale de Lausanne  

Bioenergetic profiling of zebrafish embryonic  
development  
Stackley KD, Beeson CC, Rahn JJ, Chan SS. 
PLoS One. 2011 6(9):e25652 
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C.elegans Zebrafish 

Global analysis of SUMO chain function reveals 
multiple roles in chromatin regulation 
Tharan Srikumar, Megan C. Lewicki, Michael Costanzo, Johnny M. 
Tkach, Harm van Bakel, Kyle Tsui, Erica S. Johnson, Grant W. 
Brown, Brenda J. Andrews, Charles Boone, Guri Giaever, Corey 
Nislow, Brian Raught.  J. Cell Biol. Vol. 201 No. 1 145–163 

Yeast 

演示者
演示文稿备注
The Seahorse XF Analyzer can be used to study the bioenergetics of model organisms, such as C. elegans and Zebrafish. 
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