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ab110218 

PhosphoPDH In-Cell 

ELISA Kit (IR) 

Instructions for Use 

For measuring the phosphorylation of PDH at all three of 
the enzyme’s phospho-serine residues in adherent 
human, rat, mouse and bovine cells. 
 
 
This product is for research use only and is not intended 
for in vitro diagnostic use. 

For measuring the phosphorylation of PDH at all three of 
serine residues in adherent 
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1. Introduction 

In-Cell ELISA Assay Kits use quantitative immunocytochemistry to 

measure protein levels or post-translational modifications in cultured 

cells. Cells are fixed in a 96- or 384-well plate and targets of interest 

are detected with highly specific, well-characterized monoclonal 

antibodies, and levels are quantified with IRDye®-labeled Secondary 

Antibodies. IR imaging and quantitation is performed using a LI-

COR® Odyssey® or Aerius® system. 

LI-COR®, Odyssey®, Aerius®, IRDye™ and In-Cell Western™ are registered 

trademarks or trademarks of LI-COR Biosciences Inc. 

The pyruvate dehydrogenase complex (PDH) is a 9.5 megadalton 

assembly of four proteins: pyruvate dehydrogenase (E1), 

dihydrolipoamide acyltransferase (E2), dihydrolipoyl dehydrogenase 

(E3), and one structural protein (E2/E3 binding protein). The E1 

enzyme is a heterotetramer of two α and two β subunits. The 

pyruvate dehydrogenase complex is the key regulatory site in 

cellular metabolism, in that it links the citric acid cycle and 

subsequent oxidative phosphorylation with glycolysis and 

gluconeogenesis, as well as with both lipid and amino acid 

metabolism. Not surprisingly, given its central role in metabolism, 

PDH is under tight and complex regulation, which includes regulation 

by reversible phosphorylation in response to the availability of 

glucose. In humans, PDH activity is inhibited by site-specific 
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phosphorylation at three sites on the E1α subunit (Ser232, Ser293 

and Ser300), which is catalyzed by four different pyruvate 

dehydrogenase kinases (PDK1-4). Each of the four kinases has a 

different reactivity for these three sites. Interestingly, phosphorylation 

at any one site leads to the inhibition of the complex and a shift to 

glycolytic metabolism of pyruvate. Two pyruvate dehydrogenase 

phosphatases (PDP1 and PDP2) dephosphorylate the E1α and 

activate the enzyme. Both the kinases and phosphatases are 

differentially expressed in tissues. Each of the PDK’s and PDP’s is 

under transcriptional control in response to different cellular stress 

events. In addition, the kinases are activated by acetyl Coenzyme A, 

NADH and ATP, meanwhile the availability of pyruvate and ADP 

leads to their inhibition. 

ab110218 (MSP47) provides a high-throughput measurement of the 

amount of PDH E1α subunit in a cell and also the phosphorylation 

state of that protein subunit in a 96-well culture plate. To do this, the 

phosphorylation of E1α serine residues 232, 293, 300 is measured in 

parallel, while the total E1α is simultaneously measured in every 

well. The method uses In-cell ELISA (ICE) technology to perform this 

quantitative immunocytochemistry of cultured cells with near-infrared 

fluorescent dye-labeled detector antibodies. The technique 

generates quantitative data with specificity similar to Western 

blotting, but with much greater quantitative precision and higher 

throughput due to the greater dynamic range and linearity of direct 
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fluorescence detection and the ability to run 96 samples in parallel. 

Since this method measures the total and phosphorylated E1α 

simultaneously in every well, phosphorylation can be normalized to 

the total level of E1α further increasing precision and throughput. 

This method rapidly fixes the cells in situ, stabilizing the 

phosphorylation state of the enzyme. This method essentially takes 

a snap-shot of phosphorylation state and rapid phosphorylation 

changes during sample handling are eliminated - a significant 

problem experienced during cell harvesting for other assays. Finally, 

both signals can also be normalized to a relative cell counting 

method (Janus Green cell stain) if desired. 
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2. Assay Summary 
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Suspension Cell Seeding 

• Seed cells in microwell culture plate. 

• Allow to adhere. 

• Cells can be analyzed either immediately after they have attached or after 
being maintained in the microwell plate under experimental conditions of 
interest. 

• Fix cells with 4% paraformaldehyde. 

• Wash wells with PBS (may be stored at 4°C at this point). 

Permeabilize and Block Plate (2.5 hours) 

• Permeabilize cells with 1X Permeabilization Buffer. Incubate 30 
minutes. 

• Block wells with 2X Blocking Solution. Incubate 2 hours. 

Primary Antibody Incubation (Overnight) 

• Prepare three primary pSer antibody solutions each supplemented with 
the total E1α Antibody. Add primary antibodies diluted as directed in 1X 
Incubation Buffer. 

• Incubate overnight at 4°C. 

• Wash thoroughly. 

Secondary Antibody Incubation (1 hour) 

• Add secondary antibodies diluted as directed in 1X Incubation buffer. 

• Incubate 1 hour. 
• Wash thoroughly. 

Measure Plate 

• Image plate with a LI-COR® Odyssey® scanner and analyze data 
using ICW settings. 

• If desired, stain with Janus Green and measure relative cell seeding 
density in a microplate spectrophotometer or IR imager. 

• Calculate ratios and perform data analysis. 
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3. Kit Contents  

 

Part Number Item Quantity 

8209706 10X Phosphate Buffered Saline (PBS) 100 ml 

8209707 100X Triton X-100 (10% solution) 0.5ml 

8209708 400X Tween – 20 (20% solution) 2ml 

8203023 10X Blocking Solution 15 ml 

8209717 200X Total E1α Primary Antibody 0.11 ml 

8209718 200X pSer232 E1α Primary Antibody 40 µl 

8209719 200X pSer293 E1α Primary Antibody 40 µl 

8209720 200X pSer300 E1α Primary Antibody 40 µl 

8209721 1000X IRDye-labeled Secondary Antibodies 24 µl 

8209709 1X Janus Green Stain 11 ml 

5201089 Plate Seals 2 EA 

4. Storage and Handling 

Store all components at 4°C. The kit is stable for at least 6 months. 
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5. Additional Materials Required 

 

• A LI-COR® Odyssey® or Aerius® Infrared imaging system  

• Two 96-well, transparent bottom, flat bottom cell culture plates. 

Black-walled collagen or poly-lysine plates are highly 

recommended for improved cell seeding and data quality. 

Note – 384-well plates can also be used with minor protocol 
modifications – please see Appendix for details. 
 

• Centrifuge equipped with standard microplate holders  

• 20% paraformaldehyde   

• Deionized water  

• Multichannel pipette (recommended)  

• 0.5 M HCl (optional for Janus Green cell staining procedure). 
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6. Preparation of Reagents 

Note: Be completely familiar with the protocol before beginning  

Preparation of sufficient buffers and working solutions to analyze a 
single microplate. 

1. Prepare 1X PBS by diluting 50 ml of 10X PBS in 450 ml 

deionized water. Mix well. Store at room temperature. 

2. Prepare 1X Wash Buffer by diluting 0.5 ml of 400X Tween-

20 in 199.5 ml of 1X PBS. Mix well. Store at room 

temperature. 

3. Immediately prior to use prepare 4% paraformaldehyde by 

diluting 2.5 ml 20% paraformaldehyde in 10 ml 1X PBS. 

Note – Paraformaldehyde is toxic and should be prepared 

and used in a fume hood. Dispose of paraformaldehyde 

according to local regulations. 

4. Immediately prior to use prepare 1X Permeabilization Buffer 

by diluting 0.15 ml 100X Triton X-100 in 14.85 ml 1X PBS. 

5. Immediately prior to use prepare 2X Blocking Solution by 

diluting 5 ml 10X Blocking Solution in 20 ml 1X PBS. 
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6. Immediately prior to use prepare 1X Incubation Buffer by 

diluting 2.5 ml 10X Blocking Solution in 22.5 ml 1X PBS. 

7. Assay Method 

 
A. Cell Seeding and Treatment 

 

1. The growth rate, confluency, nutritional state and 

passage number of cells affects their metabolic state and 

therefore the level of PDH phosphorylation. Cell seeding 

density, culture surface treatment needed for optimal 

attachment, culture medium and other growth conditions 

are important cell-type specific parameters and should be 

defined by experimental requirements. It is essential to 

leave several wells without cells to establish a 

background signal. For suggestions and general 

guidelines, see Appendix 

 

2. In general, ICE analysis is optimal when the final fixed 

cell density is approximately 20,000 to 50,000 adhered 

cells per well. 

 

3. Verify that cells have adhered to the bottom of the plate. 

Gently aspirate off medium into a container for proper 
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disposal. Immediately add 4% paraformaldehyde to the 

wells of the plate. Gently trickle solution down the sides 

of each well to avoid dislodging cells. Incubate for 20 

minutes. 

 

4. Gently aspirate the paraformaldehyde solution from the 

plate and wash 3 times briefly with 300 µl 1X PBS. 

Finally, add 100 µl of 1X PBS to the wells of the plate. 

The plate can now be stored at 4°C for several days. 

Cover the plate with the provided plate seal. Note – The 

plate should not be allowed to dry at any point during or 

before the assay. Dispose of paraformaldehyde 

according to local regulations. 

 

B. Assay Procedure: 

Note – It is recommended to use a plate shaker (~300 rpm) 
during incubation steps. 
 

1. Remove PBS and blot plate upside down on a paper 

towel. 

 

2. Add 100 µl of freshly prepared 1X Permeabilization 

Buffer to each well of the plate. Incubate 30 minutes. 

3. Remove 1X Permeabilization Buffer and add 200 µl 2X 

Blocking Solution to each well of the plate. Incubate 2 

hours. 
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4. Prepare three separate primary antibody solutions (one 

each for pSer 232, pSer 293, pSer 300). (1) To prepare 

1X pSer232 Primary Antibody Solution, dilute 16.5 µl of 

200X pSer 232 into 3.3 ml fresh 1X Incubation Buffer, 

then add 16.5 µl of Total E1α Antibody. Mix well and 

label 1X pSer232. Repeat step (1) to make (2) 1X pSer 

293 and (3) 1X pSer 300 solutions. 

 

5. Remove 2X Blocking Buffer and add 100 µl of each of 

the 1X pSer232, pSer 293 and pSer 300 solutions into 

different wells. Incubate overnight at 4°C. 

 

6. Remove primary antibody solution and wash 3 times 

briefly in 1X Wash Buffer. For each wash, rinse each 

well of the plate with 250 µl of 1X Wash Buffer. Do not 

remove the last wash until step 8. 

 

7. Prepare 1X IRDye-labelled Secondary Antibody Solution 

by diluting 12 µl of 1000X IRDye-labelled secondary 

antibodies into 12 ml 1X Incubation buffer. 

Note – Protect fluorescently labelled antibodies from 

light. 
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8. Remove the 1X Wash Buffer, add 100 µl 1X Secondary 

Antibody Solution to each well of the plate. Incubate for 

at least 1 hour. 

9. Remove the Secondary Antibody Solution and wash 4 

times briefly in 1X Wash Buffer. For each wash, rinse 

each well of the plate with 250 µl of 1X Wash Buffer. Do 

not remove the last wash. 

 

10. Wipe the bottom of the plate and the scanner surface 

with 70% ethanol and scan the plate on the LI-COR® 

Odyssey® system using both 700 and 800 channels 

according to manufacturer’s instructions. 

 

11. Analyze background-corrected results using LI-COR® 

ICW software, or other suitable data analysis software, 

such as Microsoft Excel or GraphPad Prism. Tips on 

data analysis are given below in Appendix. 

 

 

C. Whole Cell Staining with Janus Green (Optional) 

Note – It is recommended to use a plate shaker (~300 rpm) 
during incubation steps. 
 
1. Remove last 1X Wash and add 50 µl of 1X Janus Green 

Stain per well. Incubate plate for 5 minutes at room 

temperature.  
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2. Remove dye, wash plate 5 times in deionized water or 

until excess dye is removed. 

 

3. Remove last water wash, blot to dry, add 100 µl of 0.5 M 

HCl and incubate for 10 minutes.  

 

4. Measure using a LI-COR® Odyssey® scanner in the 

700 nm channel or measure OD595 nm using a 

standard microplate spectrophotometer. 

 

5. The IR data can be normalized to the Janus Green 

staining intensity to account for differences in cell 

seeding density. 

8. Data Analysis 

A. Utility 

Assay utility can be demonstrated using a drug to reduce the 

phosphorylation level of Serine 232, 293 and 300. In the 

example shown in Figures 1a and b, three human cell types 

were cultured in a collagen coated 96-well microplate. Cells 

were then treated with dichloroacetate (DCA), a drug often 

used to inhibit the PDH kinases. With the kinases inhibited, a 

reduction in the phosphorylation level of each serine residue 
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is observed and the cellular metabolism is shifted from 

glycolytic to mitochondrial aerobic metabolism of pyruvate.

 

Figure 1a. Cells (HepG2) were seeded at 50,000 cells per well and 
treated with millimolar concentrations of DCA in vehicle (1% 
DMSO) for 2 hours. Cells were then fixed and processed according 
to the protocol. To account for any cell density variability between 
wells, the ratio of PDH E1α pSer: total E1α signal is determined.
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is observed and the cellular metabolism is shifted from 

glycolytic to mitochondrial aerobic metabolism of pyruvate. 

 

2) were seeded at 50,000 cells per well and 
treated with millimolar concentrations of DCA in vehicle (1% 
DMSO) for 2 hours. Cells were then fixed and processed according 
to the protocol. To account for any cell density variability between 

 signal is determined. 
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Figure 1b. Determination of the IC50 of dichloracetate in HepG2, HeLa and 
HDFn cells. The ratio of PDH E1α pSer232, 293 and 300 to the total E1α 
signal was normalized to the untreated (DMSO) sample for each 
concentration of DCA from 0-40 mM, showing that DCA is effective at 
inhibiting the PDH kinases and reducing phosphorylation at all three 
regulatory serine residues. 
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B. Reliability 

ICE results provide accurate quantitative measurements of 

antibody binding and hence cellular antigen concentrations. 

However, ICE does not provide internal confirmation of 

antibody binding specificity with each experiment, unlike 

traditional Western blots or immunocytochemistry which 

allow confirmation by molecular weight or subcellular 

localization, respectively. Therefore, confidence in antibody 

specificity is critical to ICE data interpretation. All of Abcams’ 

ICE-qualified antibodies have been screened rigorously for 

specificity by Western blotting and by fluorescence 

immunocytochemistry under the conditions used for the ICE 

assay. Examples demonstrating the Western blot and 

immunocytochemical specificities of the two monoclonal 

antibodies used in ab110218 are shown in Figures 2a and 

2b. 

 

Figure 2a. Antibody specificity demonstrated by Western Blot. 
HepG2 cells were treated with 5 mM dichloroacetate (DCA) for 4 
hours to inhibit PDH kinase activity. To maintain the PDH in the 
maximal dephosphorylated state the cells were harvested quickly 
and washed in DCA containing buffers before Western blot 
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analysis. Shown the PDH E1α and pSer293 analysis with 
antibodies used in this kit. 
 

 
Figure 2b.  Antibody specificity demonstrated by 
immunocytochemistry. Two-color immunocytochemical labeling 
of cultured HepG2 cells with the ab110218 primary antibodies 
specific for E1α PhosphoSer232, 293 and 300 and Total E1α. 
When the images are merged the two antibodies exhibit specific 
co-localization in the mitochondria. 
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9. Specificity 

Species Cross-Reactivity: Human, rat, mouse and bovine. 

10. Appendix 

Black-walled collagen or lysine coated plates are highly 

recommended to improve data quality, cell adhesion and seeding 

homogeneity. 

ICE experiments give robust signal when the cell density is in the 

range 20,000-50,000 cells / well. Working on the high end of this 

range will generate stronger signals and allow greater reductions to 

be measured accurately. It is highly recommended to apply media 

only, without cells, to several wells to provide a background signal 

for the experiment which can be subtracted from all measured data. 

A typical work flow is to seed the cells at low density directly into 96-

well microplates and then allow them to divide to the desired cell 

density. Particular care must be taken when using in-well treatments 

that cause significant cell toxicity, loss of adhesiveness, apoptotic 

cell detachment or a decline in the rate of cell division. For this 

reason this kit takes a ratiometric approach to determine PDH E1α 

phosphorylation. In addition this kit includes a method to determine 
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the relative cell density per well by cell staining using the provided 

Janus Green Stain. 

An alternate experimental work flow is to grow cells, both treated and 

untreated, in large cell culture flasks or dishes, e.g. 15 cm diameter 

dishes. The cells can then be harvested by trypsinization and should 

then be counted before seeding into the 96-well plate where they 

must be allowed to adhere, e.g., 4 hours for fibroblasts. 

For a 384-well plate format, seed ¼ of the number of cells specified 

in this protocol. Prepare all solutions and wash buffers as described, 

but dispense ¼ of the specified volumes into the wells at the relevant 

steps. 

For plate scanning, set the intensity to 7 for both the 700 and 800 

channels, as long as there is no signal saturation. Dry the plates 

prior to scanning if more signal intensity is required. Calculate the 

average of all replicate background measurements from each 

experimental condition. Subtract this background reading from all 

experimental values of the same condition. The pSer signal and 

Total E1α signal can be plotted independently or as ratios 

(pSer232/Total E1α, pSer293/Total E1α, pSer300/Total E1α). These 

data can also be normalized to Janus green staining intensity if 

desired. 
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