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FIGURE 1: ASSAY PRINCIPLE. TR-FRET technology can be used to quantify YEATS reader 
domain binding to the histone in a homogenous fashion (no wash). (A) Streptavidin-Europi-
um (Eu) chelate captures the biotinylated histone peptide, while Anti-6xHIS ULight™ binds 
6xHIS-ENL. When the Eu chelate is excited at 320 nm, fluorescence resonance energy transfer 
(FRET) occurs between Eu and ULight if they are brought within proximity via ENL binding to 
acyl-peptides. ULight emission (FRET) is measured at 665 nm and normalized to the 615 nm 
(Eu) emission to reduce variability between wells. (B) This assay was optimized to quantify the 
interaction of the AF9 YEATS domain with acetylated (ac) or crotonylated (cr) histone peptides. 
AF9 binding to H3K9ac, H3K9cr, and H3K27cr, H3K27ac histone peptides is enriched over 
unmodified H3 peptide. Values within the bars indicate Z’ values compared to unmodified H3 
(****p<0.0001 compared to unmodified H3 using One-way ANOVA with Bonferroni post-test, 
n=9). (C) Point mutation of a conserved aromatic residue in the AF9 YEATS domain (F59A) 
previously identified to abolish binding to acyl lysines [4, 5] also abolishes the TRF signal.

Overview: YEATS Domain Epigenetic Reader Proteins
Epigenetic reader proteins have gained widespread interest in the scientific community for their essential roles 
in cellular function and the potential of targeted drug development to treat diseases such as cancer. Recently, 
a novel family of reader proteins was identified that recognizes acetylated lysine (Kac) residues on histone tails 
through a highly conserved YEATS domain. In contrast to the widely studied Kac bromodomain reader, the YEATS 
domain also shows affinity for extended acyl modifications, particularly lysine crotonylation (Kcr) [1]. There are four 
YEATS domain containing proteins in humans: AF9, ENL, GAS41, and YEATS2. Due to the emerging role of these 
YEATS:acyl-histone interactions in cellular transcription and human disease [2], there is a compelling need to identify 
small molecule inhibitors of this novel class of epigenetic readers.

AF9-YEATS Domain
AF9 is one of the most frequently observed partners in MLL protein 
fusions that characterize mixed lineage leukemia (MLL), an aggressive 
pediatric blood cancer [2,3]. It is a component of multiple epigenetic 
complexes, including the Super Elongation Complex (SEC) and the 
DOT1L histone methyltransferase complex [4]. AF9 was initially 
reported to mediate transcriptional control by binding acetylated 
histones, particularly histone H3 acetylated at lysine 9 (H3K9ac)  
and H3K27ac [4]. However, it was subsequently found that the  
AF9-YEATS domain also binds histone lysine crotonyl marks to 
stimulate inflammatory gene expression [5].

A biochemical assay to quantify  
AF9 YEATS:acyl-histone interactions
This assay utilizes time-resolved Fluorescence Resonance Energy 
Transfer (TR-FRET) technology, which enables a quantitative 
assessment of the AF9 YEATS domain interaction with acylated 
histone peptides (Figure 1A). TR-FRET technology provides many 
advantages over other assay platforms. The time-resolved nature  
of the fluorescence energy transfer leads to reduced screening 
artifacts caused by fluorescent interference of small molecules. 
Further, the assay does not require washes, can be readily 
miniaturized into microplates, is highly amenable to liquid handling 
and automation, and robust in nature providing consistent and 
reproducible data. All of these advantages make this approach ideal 
for high-throughput screening (HTS) applications.

AF9 exhibited strong binding to H3K9ac, H3K9cr and to a lesser 
extent H3K27ac and H3K27cr (Figure 1B), offering a variety of  
acyl-histone peptides that can be used to develop a HTS assay. 
Further, AF9 demonstrated a binding preference for histone 
crotonylation over acetylation at the same sites (Figure 1B).  
Here, we show representative assay development data for  
AF9 binding to H3K9cr peptides (Figures 2-4).
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Reagents and Materials Required for the Assay:
NOTE: store protein aliquots @ -80°C, avoid repeated freeze/thaw

Assay Buffer
50 mM Tris-HCl pH 8.0, 150 mM NaCl, 0.5% casein;  
add 0.1% NP-40 fresh *DO NOT ADD A REDUCING AGENT

Standard Protocol
NOTE: Briefly centrifuge plate (≤ 800 xg for ~10 seconds) after 
addition of each reagent to maximize reproducibility

1. Add 4 μL of 5X test inhibitors, competitor peptides, or vehicle control

2. Add 4 μL of 5X 6xHIS-AF9 protein (15 nM final)

3. Incubate 15 minutes at RT

4. Add 4 μL of 5X Biotin-H3 peptides (3 nM final)

5. Incubate 30 minutes at RT

6. Add 8 μL 2.5X Anti-HIS ULight (15 nM final) + Streptavidin-Eu
chelate (0.5 nM final)

7. Incubate 60 minutes at RT

8. Read using TR-FRET capable Plate Reader: Ex 320 nm,
Em 615 nm and 665 nm

FIGURE 2: PROTEIN TITRATIONS. (A) 6xHIS-AF9 (horizontal axis) was titrated against Biotin-
H3K9cr peptide (vertical axis). Titrations of each binding partner from 1000 nM down to 1 nM  
(1:2 dilutions) determined the optimal concentrations for assay development. TRF signal is shown 
and colored by relative intensity. The boxed regions outline the AF9/histone titrations graphed 
below. Nonlinear regression analysis identified the concentration at which 80% response is  
achieved (EC80) for AF9 titrated against 8 nM H3K9cr (B) and H3K9cr titrated against 63 nM  
AF9 (C). Based on these findings, 15 nM AF9 and 3 nM H3K9cr peptide was selected for  
subsequent experiments.
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FIGURE 3: COMPETITION ASSAY.  
Non-biotinylated histone competitor peptides 
(12-point dose-response in 1:2 titrations) and 
6xHIS AF9 were pre-incubated for 15 minutes. 
Biotinylated peptides were added and incubated 
for 30 minutes. Finally, Streptavidin-Eu
and anti-HIS ULight were added and incubated 
for 60 minutes. After the incubation, TRF 
signal was read with 320 nm excitation, and 
measuring 665/615 nm emission sequentially. 
Competition with the non-biotinylated H3K9cr 
peptide inhibited the TRF signal in the low 
micromolar range, consistent with the binding 
affinity of AF9 to acyl-modified histones [4, 5].

FIGURE 4: Z’ FACTOR DETERMINATION. 
6xHIS AF9 (15 nM) was incubated with Biotin  
unmodified H3 peptide (3 nM) as a negative 
control. Incubation with Biotin-H3K9cr (3 nM) 
determined the maximum signal. A Z’ factor of 
0.80 was calculated as described [6], indicating 
the assay is suitable for high throughput  
screening (Z’>0.5).

REAGENTS/MATERIALS VENDOR CAT#
6xHIS AF9 YEATS Domain (Wild type) EpiCypher® 15-0071

6xHIS AF9 YEATS domain (F59A) EpiCypher® 15-0072

Biotin H3 1-20aa EpiCypher® 12-0001

Biotin H3K9ac 1-20aa EpiCypher® 12-0003

Biotin H3K9cr 1-20aa EpiCypher® 12-0099

Biotin H3 15-34aa EpiCypher® 12-0016

Biotin H3K27ac 15-34aa EpiCypher® 12-0042

Biotin H3K27cr 15-34aa EpiCypher® 12-0100

non-Biotin H3 1-20aa EpiCypher® 12-8001

non-Biotin H3K9ac 1-20aa EpiCypher® 12-8103

non-Biotin H3K9cr 1-20aa EpiCypher® 12-8099

non-Biotin H3 15-34aa EpiCypher® 12-8104

non-Biotin H3K27ac 15-34aa EpiCypher® 12-8042

non-Biotin H3K27cr 15-34aa EpiCypher® 12-8100

LANCE Ultra Ulight anti-6xHIS (5 μm) PerkinElmer TRF0105

LANCE Eu-SA (8.3 μm) PerkinElmer AD0060

AlphaPlate-384TM, Light Gray PerkinElmer 6005350

TopSealTM-A Plus Film PerkinElmer 6050185

H3K9cr,	nM

170 391 540 721 881 1031 1228 1374 1447 1360 1195 1081 1000
172 398 552 765 974 1146 1430 1470 1520 1465 1325 1145 500
168 412 536 764 965 1261 1506 1590 1604 1556 1373 1088 250
164 423 591 802 1035 1329 1501 1644 1639 1574 1365 1158 125
157 413 583 805 1055 1348 1597 1732 1691 1591 1357 1159 63
163 448 560 777 1106 1454 1657 1730 1716 1564 1456 1067 31
154 415 583 771 1102 1404 1677 1693 1799 1548 1207 1086 16

165 414 582 795 1053 1329 1637 1727 1658 1538 1186 1005 8

182 404 516 690 918 1246 1454 1553 1491 1386 1095 804 4
150 323 393 521 610 723 795 903 839 872 691 576 2
160 227 278 303 373 388 441 482 465 467 433 375 1
145 150 159 151 150 154 152 147 156 158 166 175 0

AF9,	nM 0 1 2 4 8	 16	 31	 63	 125	 250	 500	 1000

A

1000

800

600

400

200

0
0 5 10 15 20 25 30 35 40 45 50TR

F 
si

gn
al

 (6
65

/6
15

)*
10

4

Well #

H3K9cr (Max Signal)
H3 1-20aa (Neg. control)

Z' = 0.80

2000

1500

1000

500

0
-10 -9 -8 -7 -6

TR
F 

si
gn

al
 (6

65
/6

15
)*

10
4

Log [H3K9cr], M

EC80 = 2.9 nM
B 2000

1500

1000

500

0
-10 -9 -8 -7 -6

TR
F 

si
gn

al
 (6

65
/6

15
)*

10
4

Log [AF9], M

EC80 = 15.2 nM
C

1500

1000

500

0
-8 -7 -6 -5 -4

Log [Peptide], M

TR
F 

si
gn

al
 (6

65
/6

15
)*

10
4

H3 unmodified
H3K9cr

1000

500

250

125

63

31

16

8

4

2

1

0




