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SUMMARY

The discovery of potent cell-permeable E3 ubiquitin ligase ligands can signifi-
cantly facilitate the development of proteolysis targeting chimeras (PROTACs).
Here, we present a protocol to determine the binding affinity of ligands toward
CRBN E3 ubiquitin ligase, using a cellular target engagement mechanism and in-
cell ELISA assay. This protocol is easy to establish, with relatively low cost and
rapid time frame. It can also be modified to measure the level of other proteins
or determine the ligand affinity toward other E3s.
For complete details on the use and execution of this protocol, please refer to
Yang et al. (2020).
BEFORE YOU BEGIN

Prepare cells, compounds, and buffers

Timing: 1–2 h

1. Cell culture.

a. Culture MM1S cells in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS),

1% sodium pyruvate, and 1% penicillin/streptomycin, 10 mM HEPES.

b. Tissue-culture (TC) treated T175 flasks or 150-cm dishes are used.

c. Cells are cultured in a cell-culture incubator at 37�C with 5% CO2.

Note: MM1S cells grow much slower if they are split too diluted (e.g., less than 30% conflu-

ency). In general cell passaging, we recommend 1:2 or 1:3 split to keep their confluency

more than 30%. The MM1S cells are recommended to be used within 10 passages.

d. Make sure cells are R90% confluency and ready to use.

2. Compounds stock solution

a. For all commercial and synthesized compounds, perform purity analysis by LC-MS andNMR to

make sure purity is R95%

b. Prepare compound(s) stock solution in preferred solvent (e.g., DMSO) at 10 mM or higher.

Note: If one or more compound(s) have solubility problem, we recommend preparing com-

pounds in other solvent or preparing lower concentration stock.
STAR Protocols 2, 100288, March 19, 2021 ª 2021 The Authors.
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c. Store stock solution at �20�C for long-term (R1 month) use and store an aliquot at 4�C for

short-term (1–4 weeks) use.

3. Prepare buffers and solutions according to the table in Materials and equipment section
KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

HDAC6 (D2E5) rabbit mAb Cell Signaling
Technology

Cat# 7558; RRID: AB_10891804

Ikaros (D6N9Y) (IKZF1) rabbit mAb Cell Signaling
Technology

Cat# 14859s; RRID: AB_2744523

Aiolos (D1C1E) (IKZF3) rabbit mAb Cell Signaling
Technology

Cat# 15103s; RRID: AB_2744524

Anti-rabbit IgG, HRP-linked antibody Cell Signaling
Technology

Cat# #7074; RRID: AB_2099233

Chemicals, peptides, and recombinant proteins

RPMI-1640 medium Corning Cat# 10-040-cv

Fetal bovine serum (FBS), heat inactivated VWR Cat# 97068-091

Sodium pyruvate solution (100 mM) Gibco Cat# 11360070

Penicillin/streptomycin solution (1003) Gibco Cat# 15140122

HEPES solution (1 M) Gibco Cat# 15630080

103 Phosphate-buffered saline (PBS) Dot Scientific Cat# DSP32060

103 Tris-buffered saline (TBS) Dot Scientific Cat# DST60075

Bovine serum albumin (BSA) CHEM-IMPLEX Cat# 00039

Formaldehyde solution (37 wt% in H2O) Sigma-Aldrich Cat# 252549; CAS: 50-00-0

Tween-20 Sigma-Aldrich Cat# P7949; CAS: 9005-64-5

Hydrogen peroxide solution (H2O2, 30 wt% in
H2O)

Sigma-Aldrich Cat# 216763; CAS: 7722-84-1

Triton X-100 Sigma-Aldrich Cat# T9284; CAS: 9002-93-1

Albumin fraction V (from bovine blood) (BSA) Chem-Impex Cat# 00039; CAS: 9048-46-8

Sodium azide (NaN3) Sigma-Aldrich Cat# S2002; CAS: 26628-22-8

Sulfuric acid (H2SO4) Sigma-Aldrich Cat# 258105; CAS:7664-93-9

Thalidomide Selleckchem Cat# S1193; CAS: 50-35-1

Lenalidomide Selleckchem Cat# S1029; CAS: 191732-72-6

Pomalidomide Selleckchem Cat# S1567; CAS: 19171-19-8

TMB Substrate Set BioLegend Cat# 421101

Janus green B Sigma-Aldrich Cat# 201677; CAS: 2869-83-2

WH181 Wu et al., 2019 Available upon request when there is enough
stock

Experimental models: cell lines

MM1S ATCC ATCC CRL-2974

Jurkat, clone E6-1 ATCC ATCC TIB-152

MCF-7 ATCC ATCC HTB-22

Software and algorithms

GraphPad Prism 8 GraphPad Software https://www.graphpad.com/
scientific-software/prism/

Other

96-well clear flat bottom TC-treated culture
microplate

Falcon Cat# 353072

T175 cell culture flask Falcon Cat# 353112

150-cm cell culture dish Thermo Scientific Cat# 157150

MTS 2/4 digital microtiter shaker IKA Cat# 0003208001

FLUOstar Omega microplate reader BMG LABTECH N/A

10-mL serological pipette VWR Cat# 75816-100
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MATERIALS AND EQUIPMENT

CRITICAL: Essential equipment or instrument needed in this protocol includes but not
limited to: (1) multichannel pipette or liquid dispenser for handling solution in multiple-

well plate; (2) orbital plate shaker (e.g., IKA MTS 2/4 digital microtiter shaker, ID #

0003208001) for application at temperature ranging from 0 to 23�C; (3) vacuum for

removal of solutions; (4) plate reader (e.g., BMG LABTECH FLUOstar Omega microplate

reader) capable to read optical density. The cell culture plate is the key platform to

perform cell seeding, drug treatment, and in-cell ELISA assay. Tissue-culture (TC) treated

96-well plate is recommended.We have used Falcon 96-well Clear Flat Bottom TC-treated

Culture Microplate (with lid, individually wrapped, sterile, cat # 353072) and it works well

for this type of assay.
Buffers and solutions

Name Recipe Storagea

Phosphate-buffered
saline (PBS), 103 and 13

103 solution is commercially
available, refer to
Key resources table,
diluted to 13 in H2O with
or without additives

Store at r.t., good for
over 1 year

Tris-buffered saline
(TBS), 103 and 13

103 solution is commercially
available, refer to
Key resources table, diluted to
13 in H2O with or without additives

Store at r.t., good for
over 1 year

Washing buffer (TBS-T) 0.1% Tween-20 in TBS Store at r.t., good
for 2 months

Fixation solution (23) 8% formaldehyde in TBS or PBS Store at 4�C, good
for 3 months

Fixation solution (13) 4% formaldehyde in TBS or PBS Store at 4�C, good
for 3 months

Permeabilization solution 0.1% Triton X-100 in TBS Store at 4�C, good
for 3 months

Quenching solution 1% H2O2 in TBS Freshly made

Sodium azide solution 10% sodium azide Freshly made

Antibody buffer 2 1% BSA in TBS-T Store at 4�C, good
for 1 month

Primary antibody solution HDAC6 (D2E5) Rabbit mAb
1:1,000 dilution in antibody buffer 1

Freshly made

Secondary antibody solution Anti-rabbit IgG (HRP-linked) antibody
1:2,000 dilution in antibody buffer 1

Freshly made

TMB substrate mixtures 1:1 mixture of TMB substrate
A and B in the set

Freshly made

Stop solution 2 N H2SO4 Store at r.t. , good
for 1 year

Staining solution 0.3% Janus green B in TBS Store at r.t., good
for 1 year

Equilibrating solution 140 mM NaCl Store at r.t., good
for 1 year

ar.t. stands for room temperature ranging from 20�C to 23�C.
CRITICAL: Formaldehyde, when present in the air, can cause harmful effects on eyes, nose,
and throat. Handling any formaldehyde solution should be performed inside a fume hood.
CRITICAL: Sulfuric acid, concentrated or diluted, can cause harmful damage to eyes and
skin and should be handled with caution.
STAR Protocols 2, 100288, March 19, 2021 3
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Alternatives: 2 N HCl can be used as an alternative stop solution without affecting the final

result.

CRITICAL: Personal protective equipment (PPE) is required when handling those hazard-
ous solutions. Disposal of liquid containing formaldehyde should be performed according

to chemical safety protocol or related safety data sheet.
STEP-BY-STEP METHOD DETAILS

Seed cells
tibody buffer 1

gent Final concentration Amount

5% 5 g

ium azide solution (10%) 0.02% 0.2 mL

shing buffer (TBS-T) Base buffer 100 mL

re at 4�C. Good for 3 months.

ubilization solution

gent Final concentration Amount

l 140 mM 163.6 mg

N HCl 0.5 M 0.8 mL

Base buffer 19.2 mL

shly made before experiment.
Timing: 1 h, plus 16–18 h incubation

This section aims to harvest cells and plate them for compound treatment.

1. Use serological pipette or alternatives to resuspend MM1S cells thoroughly.

2. Transfer the cell suspension to a 15 mL conical tube and centrifuge at 300 3 g for 5 min at room

temperature ranging from 20�C to 23�C.
3. Remove culture medium and resuspend cells in cell culture medium thoroughly.

4. Take cell solution for cell counting by either hemocytometer or automated cell counting instru-

ment.

5. Dilute cell solution to 5 3 105 cells/mL.

6. Usemultiple-channel pipette or alternatives to evenly distribute 100 mL diluted cell solution to 96-

well plate, result in 5 3 104 cells per well.

7. Seed cells in incubator 12–18 h.
Treat the cells with compounds

Timing: 7.5 h

This section aims to harvest cells and plate them for compound treatment.

8. Dose cells with 25 mL 18 mM ligands (63 dose) or vehicle in culture medium (Figure 1D).

Note: The concentration of ligand will eventually be at 3 mMafter the addition of dosemedium

containing degrader. The final concentration has been optimized based on pomalidomide,
STAR Protocols 2, 100288, March 19, 2021



Figure 1. Colorimetric signal after selected steps

(A) After reaction with TMB substrate.

(B) After addition of stop solution.

(C) After re-dissolving Janus green B.

(D) Treatment conditions of each row.

ll
OPEN ACCESSProtocol
which restored ~50% of histone deacetylase 6 (HDAC6) degradation by degrader WH181.

(Wu et al., 2019; Yang et al., 2020)

Note: Here, we mainly report fixed final concentration at 3 mM for evaluating the cellular affin-

ity of compounds library in comparison of pomalidomide, the positive standard. Comparison

between limited number of compounds with more concentration is also applicable by using

this type of assay. See Figures 2B and 4C in our previous publication (Wu et al., 2019; Yang

et al., 2020) for examples.

Note: Prepare ligand, degrader, and vehicle solution by directly diluting the stock solution in

cell culture medium. If further dilutions are needed, prepare dilution by adding concentrated

dose solution to vehicle solution. For example, add 1 mL 10 mM pomalidomide stock (in

DMSO) into 555.6 mL cell culture medium as highest dose solution. Add 2 mL in DMSO into

1,111.1 mL cell culture medium as vehicle solution. Add 100 mL of highest dose solution to

200 mL vehicle solution to make 1:3 dilution. Repeat this dilution if needed.

9. Incubate the cells for 1 h at 37�C with 5% CO2.

10. Dose with 25 mL 600 nM degrader WH181 (63 dose) or vehicle in culture medium.

Note: The final concentration of degrader will be 100 nM.WH181 (original compound number

12d) is a potent HDAC6 degrader with DC50 at 1.6 nM and anti-myeloma activity. (Wu et al.,

2019)

CRITICAL: Include controls with treatment condition of ‘‘vehicle only,’’ which was firstly
and secondly treated with vehicle, ‘‘degrader only,’’ which was firstly treated with vehicle

and secondly treated with degrader, and ‘‘pomalidomide,’’ which was firstly treated with

pomalidomide and secondly treated with degrader as positive control in terms of abolish-

ing HDAC6 degradation.
STAR Protocols 2, 100288, March 19, 2021 5
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11. Redistribute the cells evenly by gently vortexing the culture plate.

Note: The suspension cells will be redistributed unevenly after adding dose medium, which

may result in abnormal signal intensity due to aggregation of cells.

12. Incubate the cells for 6 h at 37�C with 5% CO2

Prepare in-plate sample for ELISA

Timing: 2–3 h, plus 16–18 h incubation

This section aims to prepare fixed protein samples in cell culture plate. Cell permeabilization,

endogenous peroxidase deactivation, and blocking of non-specific binding site is processed to

obtain the best result.

13. Spin down the cell culture plate at over 1,000 3 g for 3 min.

Note: Inefficient spin down of cells to the bottom of the well would increase failure of fixation

of suspension cells.

14. Add 150 mL of fixation solution (23) to each well without removing cell culture medium.

Note: Add fixation solution slowly and gently to wall of plate well to prevent resuspending the

cells. Add the fixation solution in fume hood to prevent potential inhaling. Medium containing

phenol red will turn into yellow or brown color once fixation solution is added.

15. Incubate the plate at room temperature (20�C–23�C) for 15 min (10 min with shaking and then

5 min without shaking).

CRITICAL: All incubation at 4�C or 20�C–23�C steps within this protocol should be per-
formed with gentle shaking on orbital shaker with shaking speed at 500 rpm for short-

term (e.g., washing) and-300 rpm for long-term (e.g., antibody incubation).
Alternatives: This incubation time can be extended to overnight (16–18 h) at 4�C. However,
over-fixation (over 24 h) may increase the risk of failure to obtain final ELISA signal and Janus

green stain signal.

16. Remove the fixation mixture by vacuum.

CRITICAL: Perform the removing of solution by vacuum without letting adaptor or mani-
fold touch the cells or the bottom of well. If that touching is inevitable, try to stick to vac-

uum on the same area of well in later steps to avoid losing cells on other areas. The normal-

ization by Janus green (cell density) in later steps become critical for obtaining accurate

results.
Note: Fixation mixture should be disposed into containers according to chemical safety pro-

tocol or guideline.

17. Add 300 mL washing buffer.

18. Quickly remove the washing buffer by vacuum.

19. Add 300 mL washing buffer.

20. Incubate plate at room temperature (20�C–23�C) for at least 3 min.

21. Remove washing buffer and repeat washing step one more time.
6 STAR Protocols 2, 100288, March 19, 2021
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Note:Add all buffer and solution slowly and gently to wall of plate wells to prevent resuspend-

ing the cells.

CRITICAL: Steps 17–21 are standard rinsing (steps 17 and 18) andwashing steps (steps 19–
21). Those steps will be described briefly as ‘‘rinse once andwash once, twice or three times

with washing buffer’’ in the following text. Efficient removal of previous reagent or material

is critical to obtain clear signal with less background.
22. Add 100 mL permeabilization solution.

23. Incubate plate at room temperature (20�C–23�C) for 10 min.

24. Remove permeabilization solution by vacuum.

Note: this step aims to permeabilize the cell membrane and give access to the reagent and

antibodies of following steps to target endogenous proteins.

25. Rinse once and wash once with washing buffer.

26. Add 100 mL quenching solution.

27. Incubate plate at room temperature (20�C–23�C) for 20 min.

Note: this step aims to quench endogenous peroxidases and deactivate their potential enzy-

matic reactivity with TMB substate in later steps.

28. Remove quenching solution by vacuum.

29. Rinse once and wash once with washing buffer.

30. Add 100 mL antibody buffer 1 without antibodies.

31. Incubate plate, without shaking, overnight (16–18 h) at 4�C.

Alternatives: The incubation can be done for 1 h at room temperature (20�C–23�C).

Pause point: After add antibody buffer 1, the plate can be stored at 4�C for 24–48 h without

affecting final result.

Immunostaining and ELISA readout

Timing: 5 h

This section aims to immunostain the target protein with primary and secondary antibodies, leading

to measurement of target protein level.

32. Remove antibody buffer 1.

33. Add 50 mL antibody buffer 1 to at least two ‘‘vehicle only’’ wells.

Note: Those wells will be used as ‘‘no-antibody’’ control or background control.

34. Add 50 mL primary antibody solution to other wells.

35. Incubate for 2 h at room temperature (20�C–23�C).
36. Remove primary antibody solution by vacuum.

37. Rinse once and wash three times with washing buffer.

38. Add 100 mL secondary antibody solution to each well.

39. Incubate plate for 1 h at room temperature (20�C–23�C).

Note: Keep strictly to the indicated incubation time. Over-incubation of secondary antibody

will slightly decrease the overall signal-to-noise ratio.
STAR Protocols 2, 100288, March 19, 2021 7
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40. Remove secondary antibody solution from each well by vacuum.

Note: Secondary antibody is a horseradish peroxidase (HRP) conjugate and TMB substrate is

extremely sensitive to HRP. Insufficient removal of secondary antibody will significantly in-

crease the signal-to-noise ratio.

41. Rinse once and wash four times with washing buffer.

42. Add 100 mL TMB substrate mixture to each well.

Note: Freshly make TMB substrate mixture and store the mixture in a cool dark area if needed.

43. Incubate plate in dark for 20 min at room temperature ranging from 20 to 23�C.

Note: The incubation time can be extended up to 1 h if only limited signal is observed. The

resulting reaction mixture has a light blue color. See Figure 1A.

44. Add 50 mL stop solution to each well.

45. Incubate plate for 5 min at room temperature (20�C–23�C).

Note: The reaction mixture will firstly turn green in color upon the addition of stop solution.

Then, the mixture will turn a yellow color shortly afterwards. See Figure 1B. Slightly increasing

the strength of shaking will facilitate this conversion.

46. Read optical density (OD) at 450 nm and 540 nm (background) of each well by plate reader.

Note: Read the signal within 30 min after the addition of stop solution.
Whole-cells stain

Timing: 1 h

This section aims to stain the whole cell to determine the cell density, which can be used to normalize

the ELISA signal obtained from the previous section.

47. Remove TMB reaction mixture by vacuum.

48. Rinse once and wash three times with washing buffer.

Note: The TMB reaction mixture is acidic and will affect the staining of Janus green. The

mixture should be washed away immediately after reading the signal.

Pause point:After washing away the TMB substrate, cells can be stored with TBS-T buffer for

24–72 h until the following staining procedures are ready to be done.

49. Add 50 mL staining solution to each well.

Note: Handle the staining solution carefully to avoid its exposure to any working area or

skin.

50. Incubate for 5 min at room temperature (20�C–23�C).

Note: Janus green B is a reagent that stains mitochondria in living or fixed cells. (Raspotnig

et al., 1999)
8 STAR Protocols 2, 100288, March 19, 2021
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Note: Keep strictly to the indicated incubation time. Over-incubation of staining solution will

increase the possibility of staining the surface of well wall and bottom, leading to high non-

specific staining signal which may not reflect the cell density correctly.

51. Remove staining solution by vacuum.

52. Rinse once and wash four times with washing buffer.

Note: First two washes should use reduced volume (~100 mL) to wash away the staining re-

agent on the surface of well wall. Efficient removal of excess staining solution is critical to

reduce the background of Janus green signal.

53. Add 100 mL equilibrating solution.

54. Remove equilibrating solution by vacuum.

55. Add 100 mL solubilization solution.

56. Incubate plate for 10 min at room temperature (20�C–23�C).

Note: Re-dissolving staining reagent results in blue color. See Figure 1C.

57. Read OD at 595 nm and 750 nm (background) of each well by plate reader
Examples of optimized conditions for other proteins or cells

This section aims to show the conditions which have been optimized to measure the level of other

proteins or in different cells. Due to change of cell line, reagent (compound, TMB, etc.) or target pro-

tein (and corresponding antibody), we recommend optimizing those conditions. See Figure S1A in

our previous paper (Wu et al., 2019) for examples of optimization and validation of in-cell ELISA

assay.

58. Optimized condition for target engagement assay in Jurkat cell line
a. Reduce the cell number to 2 3 104 cells per well in a 96-well plate

b. Carefully redistribute the cells after the addition of compounds solution

Note: Jurkat cell line is a T lymphocyte in suspension manner and widely used in immunology.

It is regarded as a difficult cell line to perform transfections due to low content of proteogly-

cans.(Riedl et al., 2018) Successfully determining E3 ligand activity in this type of cell line high-

lights the utility of this cell-based target engagement assay. The Jurkat cells are recommen-

ded to be used within 10 passages.

59. Optimized condition for measuring IKZF1 and IKZF3 in MM1S cell line
a. For IKZF1, increase the cell number to 7 3 104 cells per well in a 96-well plate

b. For IKZF3, decrease the antibody ratio to 1:2,000 when preparing the primary antibody so-

lution

c. For both, add 25 mL 53 dose medium containing E3 ligands or degraders instead of sequen-

tial addition of 25 mL 63 dose medium containing E3 ligands and degraders

Note: IKZF1 and IKZF3 are neo-substrates of CRBN E3 ligands such as thalidomide, pomali-

domide and lenalidomide. It is important to characterize whether E3 ligand(s) or CRBN-based

degrader(s) preserve that activity as molecular glue to induce degradation of IKZFs.

60. Optimized condition for measuring HDAC6 in MCF-7 cell line
a. Reduce the cell number to 5 3 103 cells per well in a 96-well plate

b. Extend the treatment time of degrader(s) to 12 h

c. Exclude the spin down step before fixation
STAR Protocols 2, 100288, March 19, 2021 9
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d. For fixation, add 13 fixation solution (4% formaldehyde) after remove the medium contain-

ing compounds

Note:MCF-7 is a widely used adherent breast cancer cell line. This example demonstrates the

utility of the in-cell ELISA assay to measure the HDAC6 level in cells other than suspension

cells. The MCF-7 cells are recommended to be used within 10 passages.
EXPECTED OUTCOMES

There are several expected outcomes: (1) low or relatively low ELISA signal in no-antibody controls

(background control) and degrader-treated control, see Figure 1B row A and row C; (2) obvious

ELISA signal in DMSO-treated group (vehicle control), see Figure 1B row B; (3) reduced ELISA signal

in pomalidomide-treated group (positive control), see Figure 1B row D; (4) good performance

through steps will result in even Janus green signal among different groups while it is critical to

normalize ELISA signal to cell density, see Figure 1C.

The following Quantification and statistical analysis section will provide a detailed method to generate

normalized results showing relative HDAC6 protein level and indicating the binding affinity of thalido-

mide analogs. For example, Figure 2 represents a model experiment showing thalidomide, which is a

weaker binder towardCRBNE3 ligase, prevented lessHDAC6degradedbyWH181 thanpomalidomide.

N-methylated pomalidomide cannot bind to CRBN and acted similar as ‘‘WH181 only’’ treated group.
QUANTIFICATION AND STATISTICAL ANALYSIS

To quantify the relative protein level (RPL), the first step is obtaining ELISA OD and Janus green OD

by subtracting OD540 from OD450 and OD750 from OD595 respectively. The expected ELISA OD of

vehicle (DMSO) treated group is over 0.3, OD of degrader-treated group is less than 0.1, and OD

of no-antibody control is less than 0.03. The expected Janus green OD is around 0.2. The examples

are shown in Table 1. Those examples are correlated with image and treatment conditions shown in

Figure 1.

Then, the next step is correction of ELISA OD to cell density, which was measured by Janus green

stain (Andersen and Vermette, 2016). The corrected signal (CS) was calculated by the following

formula:

CS =
ELISA OD of sample� ðaverageÞ ELISA OD of background controls

Janus green OD

Examples of corrected ELISA data is shown in Table 2.

The RPL is then calculated by dividing CS of compound treated group by average CS of vehicle

(DMSO) treated group and marked as ‘‘relative HDAC6 level relative to vehicle’’ on the Y axis of

graph.

RPL =
CS of compound treated group

ðaverageÞ CS of vehicle treated group

Examples of normalized ELISA data is shown in Table 3.

Normalized ELISA data can be input into graph & design software for analysis or graphing. See Fig-

ure 2 for examples.
LIMITATIONS

This protocol describes a platform specific to measure the binding affinity of CRBN E3 ligand(s).

However, it has not been tested or optimized for other systems such as VHL E3 ligase and ligand.

If needed, optimization will need to be performed.
STAR Protocols 2, 100288, March 19, 2021



Figure 2. Graphical representation of results obtained from following the quantification section

The example shown in Figure 1 is used.Data represent the mean of relative HDAC6 expression of four replicates G

SEM. Statistical analyses were done by GraphPad Prism. Statistical significance was analyzed by performing unpaired

two-tailed Student’s t test of pomalidomide-treated group with other groups. ***p < 0.001, ****p < 0.0001.
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This protocol is based on the readout of HDAC6 protein level, which is relatively abundant among

different cell lines, e.g., MM1S and Jurkat, and cellular target engagementmechanism.We also tried

to apply it to the A431 cell line. Although the HDAC6 can still be measured, there was no expected

result observed from target engagement. It indicated that different cellular environments may affect

the target engagement mechanism. Thus, when this protocol needs to be applied to other cell lines,

optimization will need to be performed.

This is a cell-based activity test, thus the effects of cell permeability of the tested compounds have

not been excluded on the final result. The corresponding cell permeability measurement of tested

compound is recommended to be performed.

TROUBLESHOOTING

Problem 1

Significant number of cells are detached from well bottom (steps 13–15, steps 17–21).

Potential solution

It may be a result of failure of fixation or over washing. After completing the fixation, carefully handle

the plate after spinning down the cells. Accidentally bumping the plate into other objects may resus-

pend the cells and increase the possibility of resuspending them again during addition of fixation
Table 1. Example of ELISA and Janus green data measured on a plate reader

ELISA (OD450–OD540) 1 2 3 4 Janus green (OD595 – OD750) 1 2 3 4

A 0.017 0.018 0.018 0.017 A 0.175 0.214 0.193 0.202

B 0.324 0.363 0.334 0.316 B 0.228 0.261 0.225 0.232

C 0.091 0.088 0.093 0.093 C 0.268 0.253 0.275 0.248

D 0.25 0.221 0.25 0.222 D 0.261 0.247 0.271 0.246

E 0.116 0.111 0.121 0.111 E 0.254 0.223 0.238 0.207

F 0.07 0.081 0.049 0.062 F 0.193 0.249 0.172 0.186
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Table 2. Example of corrected ELISA data

ELISA CS 1 2 3 4

A �0.003 0.002 0.003 �0.002

B 1.344 1.324 1.407 1.287

C 0.274 0.279 0.275 0.304

D 0.891 0.824 0.858 0.831

E 0.388 0.419 0.435 0.452

F 0.272 0.255 0.183 0.239
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solution. When adding the fixation solution, add the solution by contacting the well wall instead of

directly adding to the medium and try to add it as slowly as possible. When performing the washing

steps, add the buffer by contacting the well wall instead of directly adding to the cells.
Problem 2

ELISA signal is generally low (steps 43–46).
Potential solution

Check the quality or usage of critical reagent or materials, such as primary antibody solution and

TMB substrate set, by orthogonal method such as western blot. Increase the incubation time

(e.g., 1–2 h) or temperature (e.g., 37�C) after addition of TMB substrate mixture.
Problem 3

High background signal (steps 43–46).
Potential solution

It is generally due to inefficient washing of secondary antibody solution or contamination of second-

ary antibody to assay supplies such as tips and reagent reservoir. Increase the washing times after

secondary antibody incubation. Change tips and reagent reservoir between each step.
RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to and will be ful-

filled by the Lead Contact, Weiping Tang (weiping.tang@wisc.edu).
Material availability

The small-molecule HDAC6 degrader WH181 was generated in this study and is available to the

community upon request if we have the stock.
Data and code availability

No unique code was generated in this study.
Table 3. Example of relative protein level ELISA data

ELISA RPL 1 2 3 4

A �0.002 0.002 0.002 �0.002

B 1.003 0.988 1.049 0.960

C 0.205 0.208 0.205 0.227

D 0.665 0.615 0.640 0.620

E 0.289 0.313 0.324 0.337

F 0.203 0.190 0.137 0.178
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