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Supplementary Figures 
 
Figure S1. The dual Sirt2/HDAC6 inhibitor 33 also shows an inhibition of Sirt2-mediated 
demyristoylation in a biochemical activity assay,[1] which is based on the conversion of a myristoylated 
peptide substrate (triplicate measurement, see Experimental Section for experimental details). The Sirt2 
selective inhibitor 5,[2] which was previously shown to inhibit Sirt2-mediated demyristoylation,[3] was 
used as a control. 
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Figure S2. Results of the MD simulation of the Sirt2-5 crystal structure (PDB ID: 8OWZ) for two 
repeated MD runs (100 ns). a) RMSD plot of protein heavy atoms. b) RMSD plot of ligand heavy atoms. 
RMSD plot of MD 1 is colored red, for MD run 2 it is colored cyan. 
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Figure S3. Results of the MD simulation of the HDAC6-57 crystal structure (PDB ID 8G20) for two 
repeated MD runs (100 ns). a) RMSD plot of protein heavy atoms. b) RMSD plot of ligand heavy atoms. 
c) RMSD plot of the zinc ion. d) Distance plot of the coordination of the hydroxamate oxygens O1 (NO-) 
and O2 (CO) to the zinc ion. RMSD plot of MD 1 is colored red, for MD run 2 it is colored cyan. 
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Figure S4. Results of the MD simulation of the Sirt2-33 docking complex for two repeated MD runs 
(100 ns). a) RMSD plot of protein heavy atoms. b) RMSD plot of ligand heavy atoms. RMSD plot of 
MD 1 is colored red, for MD run 2 it is colored cyan. 
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Figure S5. Results of the MD simulation of the Sirt2-32 docking complex for two repeated MD runs 
(100 ns). a) RMSD plot of protein heavy atoms. b) RMSD plot of ligand heavy atoms. RMSD plot of 
MD 1 is colored red, for MD run 2 it is colored cyan. 
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Figure S6. Shown are selected frames of MD simulations of Sirt2 ligand complexes at 0 ns (lime carbon 
atoms), 50 ns (magenta carbon atoms) and 100 ns (yellow carbon atoms). Ligands are shown as sticks, 
proteins are shown as white cartoons for clarity. a) Frames of the MD run 1 of Sirt2-5 crystal structure 
(PDB ID: 8OWZ). b) Frames of the MD run 2 of Sirt2-5 crystal structure (PDB ID: 8OWZ). c) Frames 
of the MD run 1 of Sirt2-33 docking complex. d) Frames of the MD run 2 of Sirt2-33 docking complex. 
e) Frames of the MD run 1 of Sirt2-32 docking complex. f) Frames of the MD run 2 of Sirt2-32 docking 
complex. 
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Figure S7. Results of the MD simulation of the HDAC6-33 docking complex for two repeated MD runs 
(100 ns). a) RMSD plot of protein heavy atoms. b) RMSD plot of ligand heavy atoms. c) RMSD plot of 
the zinc ion. d) Distance plot of the coordination of the hydroxamate oxygens O1 (NO-) and O2 (CO) to 
the zinc ion. RMSD plot of MD 1 is colored red, for MD run 2 it is colored cyan. 

 

  



S10 
 

Figure S8. Results of the MD simulation of the HDAC6-32 docking complex for two repeated MD runs 
(100 ns). a) RMSD plot of protein heavy atoms. b) RMSD plot of ligand heavy atoms. c) RMSD plot of 
the zinc ion. d) Distance plot of the coordination of the hydroxamate oxygens O1 (NO-) and O2 (CO) to 
the zinc ion. RMSD plot of MD 1 is colored red, for MD run 2 it is colored cyan. 
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Figure S9. Shown are selected frames of the MD simulations of HDAC6-ligand complexes at 0 ns (lime 
carbon atoms), 50 ns (magenta carbon atoms) and 100 ns (yellow carbon atoms). Ligands are shown as 
sticks, proteins are shown as white cartoons for clarity and the zinc ions are shown as orange spheres. 
a) Frames of the MD run 1 of the HDAC6-57 crystal structure. b) Frames of the MD run 2 of the 
HDAC6-57 crystal structure. c) Frames of the MD run 1 of HDAC6-33 docking complex and d) Frames 
of the MD run 2 of HDAC6-33 docking complex. e) Frames of the MD run 1 of HDAC6-32 docking 
complex. f) Frames of the MD run 2 of HDAC6-32 docking complex. 
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Figure S10. Chemical structures of molecular tools used to demonstrate cellular target engagement for 
the dual Sirt2/HDAC6 inhibitor 33. A) Sirt2 selective fluorescent probe SirReal-TAMRA (61),[3, 4] 
which was used to demonstrate cellular Sirt2 target engagement for the dual Sirt2/HDAC6 inhibitor 33 
via a cellular NanoBRET assay. B) HDAC6 selective PROTAC B4 (62),[5] which was used to 
demonstrate cellular HDAC6 target engagement for the dual Sirt2/HDAC6 inhibitor 33 via a 
degradation rescue experiment. 
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Figure S11. Dual Sirt2/HDAC6 inhibitors 32 and 33 evoke no significant off-target inhibition of class I 
HDACs at a cellular level, as shown by the investigation of histone H3 hyperacetylation, a marker for 
cellular inhibition of HDAC1-3. Tests were performed with MCF-7 breast cancer cells, a well-
established cell line for the investigation of class I HDAC inhibition.[6-8] A) Representative western 
blot from whole cell lysates of MCF-7 cells after 24 h treatment with dual Sirt2/HDAC6 inhibitors 32 
or 33, unconjugated Sirt2 inhibitor 4, unconjugated HDAC6 inhibitor 57, and the Sirt2/HDAC inhibitor 
46. SAHA was used as a positive control and DMSO as a vehicle control. Compounds were tested at a 
concentration of 10 µM. B) Western blot quantification (n = 3). C) Effects of 33 on histone H3 
acetylation at compound concentrations of 10 µM and 20 µM. Representative western blot from whole 
cell lysates of MCF-7 breast cancer cells after 24 h treatment with the dual Sirt2/HDAC6 inhibitors 33. 
D) Western blot quantification (n = 3). 
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Supplementary Tables 
 
Table S1. Dual Sirt2/HDAC6 inhibitor 33 tested by means of biochemical in vitro deacylation assays 
(see Experimental Section for more experimental details).[9-11] IC50 values [µM, mean ± SD] or 
percentual inhibition at a given concentration of the dual Sirt2/HDAC6 inhibitor. Nicotinamide (NA) 
and panobinostat (Pano) were used as reference compounds for sirtuin and Zn2+-dependent HDAC 
inhibition, respectively. 
 

 
[a] Test performed in duplicate; [b] Tests performed in triplicate (n = 2); [c] Tests performed in triplicate; 
[d] n.t. = not tested 
  

Cmpd Sirt5[a] Sirt6[a] HDAC4[b] HDAC5[b]  HDAC7[b] HDAC8[c] HDAC9[b] HDAC10[b]  

33 

> 500 µM 

(-1% @ 500 µM, 

-2% @ 200 µM) 

> 500 µM 

(10% @ 500 µM, 

0% @ 200 µM) 

> 20 µM 

(7% @ 20 µM, 

4% @ 6 µM) 

> 6 µM 

(57% @ 20 µM, 

18% @ 6 µM) 

> 6 µM 

(57% @ 20 µM, 

29% @ 6 µM) 

2.94 ± 0.45 

µM 

> 20 µM 

(37% @ 20 µM, 

17% @ 6 µM) 

> 6 µM 

(64% @ 20 µM, 

27% @ 6 µM) 

NA 140 ± 17 µM 590 ± 73 µM n.t.[d] n.t.[d] n.t.[d] n.t.[d] n.t.[d] n.t.[d] 

Pano n.t.[d] n.t.[d] 
0.303 ± 0.038 

µM 

0.0423 ± 0.0116 

µM 
1.25 ± 0.91 µM 

0.51 ± 0.05 

µM  

1.65 ± 0.83 µM 

 

0.00262 ± 0.00002 

µM 
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Table S2. Crystallographic data collection and refinement statistics for the Sirt2- and HDAC6-inhibitor 
complexes. 
 
 

Data Collection 
Inhibitor 5 55 57 
Protein Sirt2 HDAC6 HDAC6 
Space group P21 P21 P1 
a, b, c (Å) 35.81, 73.46, 55.33 55.66, 48.39, 74.52 48.24, 55.54, 74.40 
α, β, γ (deg) 90.00, 95.34, 90.00 90, 106.18, 90 73, 89.90, 82.82 
Wavelength (Å) 0.9677  0.97918 0.97934 
Resolution (Å) 55.09 – 1.65 (1.68 – 1.65) 71.57 – 1.87 (1.91 – 1.87) 29.05 – 1.77 (1.81 – 1.77) 
Total/unique no. of 
reflections 

227,570/33,934 114,480/31,171 187,535/69,137 

Rmerge
a,b 0.096 (1.016) 0.280 (1.308) 0.131 (0.552) 

Rpim
a,c 0.040 (0.411) 0.237 (1.164) 0.121 (0.352) 

CC1/2
a,d 0.998 (0.741) 0.974 (0.389) 0.986 (0.649) 

I/σ(I) a 11.3 (2.0) 7.6 (1.1) 5.4 (1.5) 
Redundancya 6.7 (7.0) 3.7 (2.9) 2.7 (2.6) 
Completeness (%)a 98.7 (99.1) 98.3 (91.1) 96.1 (89.2) 
Refinement 
No. of reflections used in 
refinement/test set 

33,902 (3,429) 31,044 (2,903) 69,115 (6,516) 

Rwork
e 0.168 (0.234) 0.204 (0.400) 0.192 (0.270) 

Rfree
f 0.197 (0.250) 0.254 (0.424) 0.229 (0.344) 

Number of Atomsg 2439 
protein  2439 2780 5506 
ligand  80 30 83 
solvent 230 209 400 
Average B Factors (Å2) 
protein  26.5 26 15 
ligand 32.1 34 20 
solvent 31.0 31 19 
RMS Deviations 
bonds (Å) 0.007 0.006 0.010 
angles (deg) 0.94 0.79 0.99 
Ramachandran plot (%)h 
favored 97.26 97.2 96.9 
allowed 2.74 2.8 3.1 
outliers 0 0 0 
PDB accession code 8OWZ 8G1Z 8G20 

 

a Values in parentheses refer to the highest-resolution shell of the data. 
b Rmerge = ∑|Ih – ⟨Ih⟩|/∑⟨Ih⟩; Ih = intensity measure for reflection h; ⟨Ih⟩ = average intensity for reflection h calculated  
   from replicate data. 
c Rpim = ∑(1/(n – 1)1/2|Ih - ⟨Ih⟩|/∑⟨Ih⟩; n = number of observations (redundancy). 
d CC1/2 = στ2/(στ2 + σε2), where στ2 is the true measurement error variance and σε2 is the independent measurement  
   error variance. 
e
 Rwork = ∑||Fo| - |Fc||/∑|Fo| for reflections contained in the working set. |Fo| and |Fc| are the observed and calculated  

   structure factor amplitudes, respectively.  
f Rfree = ∑||Fo| - |Fc||/∑|Fo| for reflections contained in the test set held aside during refinement. 
g Per asymmetric unit. 
h
 Assessed by MolProbity. 
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NMR spectra 
 
NMR spectra for compounds 21-22, 25-40, 42-46 and 55-60 can be found on the following pages. 
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13C NMR (101 MHz, DMSO-d6) for compound 32 (full view)
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13C NMR (101 MHz, DMSO-d6) for compound 32 (zoomed-in view)
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13C NMR (151 MHz, DMSO-d6) for compound 33 (zoomed-in view 1)
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13C NMR (151 MHz, DMSO-d6) for compound 33 (zoomed-in view 2)
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1H NMR (400 MHz, DMSO-d6) for compound 36 
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13C NMR (101 MHz, DMSO-d6) for compound 38
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1H NMR (400 MHz, DMSO-d6) for compound 39 
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13C NMR (101 MHz, DMSO-d6) for compound 39
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1H NMR (400 MHz, DMSO-d6) for compound 40 
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13C NMR (151 MHz, DMSO-d6) for compound 40
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1H NMR (400 MHz, DMSO-d6) for compound 42 
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13C NMR (101 MHz, DMSO-d6) for compound 42
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1H NMR (400 MHz, DMSO-d6) for compound 43 
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13C NMR (151 MHz, DMSO-d6) for compound 43 (full view)

S61



15202530354045505560
f1 (ppm)

13
.6

2
13

.7
1

14
.1

5

19
.4

0
19

.5
8

21
.7

4
21

.8
8

23
.2

1

29
.2

2
29

.2
3

29
.3

2
30

.3
3

31
.2

1
31

.5
9

31
.8

7
34

.0
4

45
.3

2
46

.9
4

47
.6

6
49

.1
7

49
.2

5
50

.0
5

60
.5

9
60

.6
6

61
.0

7

13C NMR (151 MHz, DMSO-d6) for compound 43 (zoomed-in view 1)
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13C NMR (101 MHz, DMSO-d6) for compound 44 (full view)
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13C NMR (151 MHz, DMSO-d6) for compound 45 (zoomed-in view 1)

S71



110114118122126130134138142146150154158162166170
f1 (ppm)

11
2.

41

11
4.

91
11

6.
09

11
8.

16

12
0.

85

12
4.

83
12

6.
87

12
7.

02
12

8.
09

12
8.

51
12

9.
59

13
1.

01
13

1.
23

13
4.

73

14
1.

81
14

1.
85

14
2.

48
14

3.
06

15
6.

88
15

7.
74

15
7.

98
15

8.
19

15
8.

21
15

8.
45

16
4.

06
16

5.
71

16
6.

79
16

6.
97

16
8.

87
16

9.
61

13C NMR (151 MHz, DMSO-d6) for compound 45 (zoomed-in view 2)

S72



-300-280-260-240-220-200-180-160-140-120-100-80-60-40-20020406080100
f1 (ppm)

-7
4.

12

19F NMR (565 MHz, DMSO-d6) for compound 45

S73



0.01.02.03.04.05.06.07.08.09.010.011.012.013.014.0
f1 (ppm)

4.
17

4.
08

1.
76

5.
96

2.
08

1.
99

12
.0

4
2.

06
2.

02
2.

05
2.

02
2.

10

2.
19

1.
02

3.
01

2.
03

1.
98

1.
97

1.
00

0.
98

1.
01

0.
76

0.
78

1.
28

1.
49

1.
92

1.
94

1.
95

2.
28

2.
54

2.
56

2.
57

3.
21

3.
22

3.
24

3.
47

3.
66

3.
67

3.
69

3.
77

3.
79

3.
80

4.
03

4.
08

4.
50

4.
51

4.
52

5.
09

6.
84

6.
90

6.
90

6.
93

7.
25

7.
63

7.
66

7.
77

7.
79

8.
15

8.
29

10
.1

2
10

.3
3

12
.2

0

1H NMR (400 MHz, DMSO-d6) for compound 46 
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13C NMR (101 MHz, DMSO-d6) for compound 46 (zoomed-in view 1)
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13C NMR (101 MHz, DMSO-d6) for compound 46 (zoomed-in view 2)
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1H NMR (600 MHz, DMSO-d6) for compound 56 
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1H NMR (400 MHz, DMSO-d6) for compound 57 
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13C NMR (101 MHz, DMSO-d6) for compound 57 (full view)
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13C NMR (101 MHz, DMSO-d6) for compound 57 (zoomed-in view 1)
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S92



141618202224262830323436384042444648505254565860
f1 (ppm)

13
.6

2
13

.7
2

13
.7

4
13

.8
4

14
.1

5

19
.3

9
19

.5
9

21
.7

7
21

.9
0

26
.9

7
27

.1
4

29
.2

7
30

.4
3

31
.6

3
32

.0
0

45
.3

9
46

.9
8

47
.6

3

50
.1

4

60
.5

9
60

.6
5

13C NMR (151 MHz, DMSO-d6) for compound 60 (zoomed-in view 1)
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Exemplary HPLC Chromatograms 
 
HPLC chromatogram of 21: 
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HPLC chromatogram of 22: 
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HPLC chromatogram of 31: 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



S98 
 

HPLC chromatogram of 32: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



S99 
 

HPLC chromatogram of 33: 
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HPLC chromatogram of 44: 
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HPLC chromatogram of 45: 
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HPLC chromatogram of 46: 
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HPLC chromatogram of 55: 
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HPLC chromatogram of 56: 
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HPLC chromatogram of 57: 
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