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Abstract

γ-Secretase epsilon-cleavage assay is derived from the cell-based Tango assay (Kang et al., 2015), 

and is a fast and sensitive method to determine the initial cleavage of C99 by γ-secretase. In this 

protocol, we use HTL cells, which are HEK293 cells with a stably integrated luciferase reporter 

under the control of the bacterial tetO operator element, in which C99 C terminally fused to a 

reversed tetracyclin-inducible activator (rTA) transcriptional activator is expressed. Endogenous or 

transfected γ-secretase cleaves a C terminally fused rTA transcriptional activator from C99, 

allowing rTA to move to the nucleus to activate a luciferase reporter gene as a measurement for γ-

secretase cleavage activity.
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Background

Alzheimer’s disease (AD) is the most prevalent chronic neurodegenerative disease. AD is 

closely associated with the formation of amyloid plaques. These plaques mainly consist of 

aggregated amyloid β, which is generated by the cleavage of the C terminal 99 amino acids 

fragment (C99) of the amyloid precursor protein by γ-secretase. In spite of extensive efforts, 

it remains unknown how γ-secretase recognizes its substrates. The conventional Tango assay 

was designed to monitor the activation of GPCRs (Barnea et al., 2008) by engineering a 

TEV cleavage site and a transcription activator to the cytoplasmic C terminus to of GPCRs 

and a TEV protease linked to human β-arrestin2. Here we used endogenous or transfected γ-
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secretase to cleave the transmembrane portion of its substrates, i.e., the C terminus of C99 is 

fused with rTA to establish the γ-secretase Epsilon-cleavage assay (Figure 1). The assay was 

first established to investigate the initial cleavage of C99 by γ-secretase (Xu et al., 2016).

Here we use the Dual-luciferase reporter assay kit. The stably integrated luciferase-Firefly 

reads represent the γ-secretase cleavage activity, while the transfected Renilla luciferase 

reads serve as a normalization standard.

Materials and Reagents

1. Pipette tips (VWR)

2. 24-well plate (Corning, Costar®, catalog number: 3524)

3. 96-well plate (Corning, catalog number: 3595)

4. Loading pipette tips

5. Cell culture flask (Corning, catalog number: 430639)

6. 96-well OptiPlate (PerkinElmer, catalog number: 6005290)

7. HTL cells (a gift from G Barnea and R Axel, Brown University and Columbia 

University, resp.)

8. Dulbecco’s modified Eagle’s medium (DMEM) (Thermo Fisher Scientific, 

Gibco™, catalog number: 11965092)

9. Fetal bovine serum (FBS) (Thermo Fisher Scientific, Gibco™, catalog number: 

26140079)

10. Trypsin 0.25%-EDTA (Thermo Fisher Scientific, Gibco™, catalog number: 

25200056)

11. Opti-MEM (Thermo Fisher Scientific, Gibco™, catalog number: 31985062)

12. X-tremeGENE 9 Reagent (Roche Diagnostics, catalog number: 06365787001)

13. Sodium phosphate dibasic (Na2HPO4) (Fisher Scientific, catalog number: 

S374-1)

14. Potassium phosphate monobasic (KH2PO4) (EMD Millipore, catalog number: 

PX1565-1)

15. Sodium chloride (NaCl) (EMD Millipore, catalog number: SX0420-5)

16. Potassium chloride (KCl) (Fisher Scientific, catalog number: BP366-500)

17. Dual-luciferase reporter assay kit (Promega, catalog number: E1960)

18. 10× phosphate buffered saline (PBS buffer) (see Recipes)

19. 1× passive lysis buffer (PLB) (see Recipes)

20. LAR2 substrate (see Recipes)

21. Stop & Glo® Reagent (see Recipes)
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Equipment

1. Micro pipette (Eppendorf)

2. Eppendorf® Research® Pro electronic single channel pipette (20–1,000 μl)

3. 37 °C, 5% CO2 incubator (Thermo Fisher Scientific, Thermo Scientific™, 

model: Forma™ Series II 3110 Water-Jacketed)

4. Cell culture microscope (Nikon Instruments, model: Eclipse TS100)

5. Shaker (ARMA LAB, model: Orbital Shaker 100)

6. Biosafety cabinet (The Baker, model: SterilGARD® e3)

7. EnVision Multilabel Plate Reader (PerkinElmer, model: EnVision Multilabel)

Software

1. GraphPad Prism 5 (https://www.graphpad.com/scientific-software/prism/)

Procedure

A. Cell culture

1. Grow HTL cells in DMEM supplemented with 10% (v/v) FBS at 37 °C 

under a humidified 5% CO2 atmosphere to about 80% confluence.

2. Treat the cells with 0.25% trypsin-EDTA at 37 °C for about 2 min. 

Dilute the cells to 0.4 × 106/ml with DMEM medium (supplemented 

with 10% (v/v) fetal bovine serum) and split at 50,000 per well into a 

24-well plate one day prior to transfection.

B. Transfection

1. Prepare Master Mix for one sample:

To a sterile 1.5 ml Eppendorf tube, add:

10 μl Opti-MEM medium

0.195 μl X-tremeGENE 9 Transfection Reagent.

Notes:

a. Avoid touching the side of the tube while adding reagent.

b. Make a Master Mix for larger number of samples: for 

example, for 10 samples, multiply by 11 to prepare some extra 

mix. (10 × 11 = 110 μl medium + 0.195 × 11 = 2.145 μl X-

tremeGENE 9 Transfection Reagent).

2. Add 10 μl Opti-MEM medium per well in a 96-well plate and then add 

65 ng total DNA into each well.
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Note: We usually dilute the DNA plasmid to the concentration of 100 

ng/μl and store them at 4 °C.

3. Add 10 μl Master Mix to DNA mix per well and mix gently by 

pipetting.

4. Incubate at room temperature for about 30 min.

5. Carefully transfer 20 μl mix by pipetting into each well of cells cultured 

in 24-well plate.

Note: In this particular case, for coexpression with γ-secretase, 20 ng 

substrate-encoding DNA, 5 ng phRG-tk Renilla normalization standard 

and 10 ng of each of the γ-secretase subunit expression plasmids were 

transfected. For the substrate-only control, 20 ng substrate, 5 ng phRG-

tk Renilla and 40 ng pBSK mock plasmid were transfected. As a 

positive control, 10 ng Rho(4M)-TEV-site-rTA, 10 ng Arr(3A)-TEV, 5 

ng phRG-tk Renilla and 40 ng pBSK mock plasmid were co-transfected 

(Kang et al., 2015).

6. Culture the cells in DMEM supplemented with 10% (v/v) fetal bovine 

serum at 37 °C under a humidified 5% CO2 atmosphere.

C. Luciferase measurement

1. After one day growth, remove the medium from the cultured cells by 

vacuum pump using loading pipette tips, and gently apply a sufficient 

volume (i.e., 500 μl/well) of PBS (see Recipes) to rinse the bottom of 

each well.

2. Dispense 100 μl of 1× PLB (see Recipes) into each well and gently 

shake the culture plate for 15 min at room temperature (e.g., 70 rpm).

Note: We use Eppendorf® Research® Pro electronic single channel 

pipette (20–1,000 μl) to dispense the PLB buffer. However, any 

laboratory pipettes which can reach 100 μl should be fine.

3. Transfer 20 μl PLB lysate without cell debris into each well of a 96-

well OptiPlate.

Note: Generally, it is unnecessary to clear lysates of residual cell debris 

prior to performing the assay.

4. Program the EnVision Multilabel Plate Reader to perform a 2-sec 

premeasurement delay, followed by a 10-sec measurement period using 

96 Plate US Luminescence aperture (700 nm emission filter) for each 

reporter assay.

5. Dispense 50 μl LAR2 substrate (see Recipes), mix by pipetting 2 or 3 

times and measure Firefly luciferase activity using EnVision Multilabel 

Plate Reader. The Luminescence reads represent the Firefly luciferase 

activity.
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6. Dispense 50 μl freshly prepared Stop & Glo® Reagent (see Recipes) in 

the same plate, mix by pipetting 2 or 3 times and measure the Renilla 

luciferase activity by EnVision Multilabel Plate Reader. The 

Luminescence reads represent the Renilla luciferase activity.

7.

Note: Normalize the relative activity using WT activity as 100.

Data analysis

Each experiment is performed at least in triplicate (Table1), calculated activities are shown 

in Table 2. Data are presented as grouped bar graph type. The statistical analysis of data can 

be accomplished with GraphPad Prism using the two-tailed Student’s t-test versus control 

(Figure 2). A practical example of the current γ-secretase Epsilon-cleavage assay was 

recently shown in (Yan et al., 2017a and 2017b).

Notes

The status of the cells is very important. When performing data analysis, pay attention to the 

Renilla luciferase signal (Table 3). It should be around 1,000,000 photo counts.

Three wells of Group ctrl1 and three wells of Group ctrl2 should be the negative controls, 

the low Renilla activity, which to some degree reflects the cell status and transfection 

efficiency, makes the relative activity much higher than normal.

Recipes

1. 10× phosphate buffered saline (PBS buffer) (1 L)

11.5 g Na2HPO4

2 g KH2PO4

80 g NaCl

2 g KCl

Dissolve in 1 L of sterile, deionized water

The pH of 1× PBS should be 7.4

2. 1× passive lysis buffer (PLB)

Add 1 volume of 5× PLB from Dual-luciferase reporter assay kit to 4 volumes of 

distilled water and mix well

The 1× PLB can be stored at 4 °C no more than one month

3. LAR2 substrate (from Dual-luciferase reporter assay kit)
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Resuspend the lyophilized Luciferase Assay Substrate in Luciferase Assay 

Buffer 2 (10 ml for one bottle) and store at −20 °C less than 1 month or −70 °C 

less than 1 year

4. Stop & Glo® Reagent (from Dual-luciferase reporter assay kit)

Add 1 volume Stop & Glo® Substrate to 49 volumes Stop & Glo® Buffer and 

vortex for 10 sec
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Figure 1. The principle of the γ-secretase epsilon-cleavage assay
Upon cleavage of the C99 (or other γ-secretase substrates) hybrid protein by γ-secretase, 

the rTA is released from the membrane and enters nucleus to bind tetO DNA-binding site to 

stimulate luciferase reporter gene activity as measurement for total cleavage, both by 

endogenous and by transfected γ-secretase variants. (Xu et al., 2016)
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Figure 2. Relative reporter gene activity using C99-T4L-rTA
Error bars = SEM, n = 3, P-values (two-tailed Student’s t-test): *P < 0.05; **P < 0.01; ***P 
< 0.001).
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