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Supplementary Fig. 1| Chemoproteomics identifies HDACs as targets of lipoic acid and lipoamide.
of HDAC CoREST complex partners from the LA-iL competition experiment in SW620 cell lysate. b, Dose-response curves of
HDACs and CoREST complex partners from the LA-iL competition experiment in A549 cell lysate. ¢, Dose-response curves
from the LA-iQ competition assay in SW620 cell lysate. HDAC interactor MIER1 and complex partners of the HDAC3 NCoR
complex (NCoR1, TBL1XR1) as well as the HDAC1/2 CoREST complex (RCOR1/3, KDM1A, HMG20A/B, GSE1) show a dose-
dependent reduction in affinity matrix binding. d, same as (c) but for lipoamide and including additional curves for MiDAC
complex partners DNTTIP and MIDEAS. e, Competition assay for lipoic acid probing class lla HDAC and MBLAC2 binding using
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established affinity matrix iC. Source data are provided as a Source Data file.
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Supplementary Fig. 2| HDAC activity assays confirm the inhibitory effects of the reduced forms of (R)-lipoic acid, (R/S)-
lipoic acid, and (R/S)-lipoamide. a, HDAC inhibition by SAHA (Vorinostat) in the Glo-assay setup is in the presence (+) or
absence (-) of reducing agent TCEP (0.5 M) (n = 3 technical replicates for each drug dose, data are represented as mean value
+/- SEM). b, influence of reducing agent TCEP (0.5 M) on Lipoamide mediated HDAC enzymatic inhibition via reduction and
thiolane ring opening of the drugs (n = 3 technical replicates for each drug dose, data are represented as mean value +/-
SEM). ¢, Dose-dependent effect of (S)- and (R)-lipoic acid on HDAC activity under non-reducing conditions (n = 3 technical
replicates for each drug dose, data are represented as mean value +/- SEM). d, Comparison of effects of racemic reduced LA
((R/S)-LA red, i.e. dihydrolipoic acid) and oxidized (R/S)-LA on HDAC activity in the presence of reducing agent TCEP (0.5 M)
(n = 3 technical replicates for each drug dose, data are represented as mean +/- SEM). e, FRET-based HDAC10 binding assay
under reducing assay conditions (0.5 M TCEP) (n = 3 technical replicates for each drug dose, data are represented as mean
value +/- SEM). f, lipoic acid pEC50 values from the Glo-HDAC activity assay are compared to the Ricolinostat pK42PPs from
ref.l. Source data are provided as a Source Data file.



\@ 3 (,DQQ @QQ NS
KRS ¥ ©5S S S cf\vd@‘\@\@‘\@
a-Tub. AcK40 e - DDX3X AcK118
- DD X3X
M“‘TUW”” P - Tub. AcK40
——— - -7 Sl eem e c:Tubuin
S ————— - DAC6
,\\»0"’ G\,«'b (RIS)-LA (RIS)-LM et e e o Y )\ CBP
v
c d €
9 51 ' MW [kDa]

£

o
(]
=
[a}
e
[
IR IO (NN NI e Eo 505 Actin
a-Tub. ©
o — - — © \
AcK40 S 2] T e e e g s
HIST1H4
- e —— — — — — — X
- AcK 24
s S ———— Tyl §0 s
SAHA (S-LA (R)-LM o 30 100 300 500 a abc de f aa b b Culuringcond.
lipoic acid [uM] CTRL 1 mM (R/S)-LA CTRL
f 9 Band in WB region of Band in WB region of Band in WB region of
- =MW [kDa] 15, 14-16kDa (A-)e- 15+ 21-23 kDa (B) 10- 49-51_ek_Da (C)
- 2
- 100 29 - o 8 -
75 _.(C) = g 1 - o
Lo <0104 104
T e 5 e - - © b °] -
T — B-Actn  § Q - -,
o ——-——-37 (B) B% 5] oo 5. 4 -
-« 'Qé— g © 2.
4 <% ) ) £
PB——= — LT 1) AN} - N Y A —
Oh 1h 2h 3h 4h 8h 23h Oh T (A) Oh 1h 2h 3h 4h 8h 23h Oh 1h 2h 3h 4h 8h 23h Oh 1h 2h 3h 4h 8h 23h
CTRL 5 mM (R/S)-LA CTRL CTRL 5 mM (R/S)-LA CTRL 5 mM (R/S)-LA CTRL 5 mM (R/S)-LA

Supplementary Fig. 3|Lipoic acid and lipoamide treatment leads to hyperacetylation of HDAC substrate proteins. a,
Western blot of CBP-HA (Acetyltransferase) transfected HEK293 cells that were incubated with HDAC6 inhibitor ACY-738,
Tubacin, lipoic acid, or lipoamide for 7 h at indicated concentrations and probed for HDAC6 substrate protein acetylation site
AcK40 of a-Tubulin as well as a-Tubulin and HDAC6 expression. b, Western blot of CBP-HA transfected HEK293 cells that
were incubated with HDACS6 inhibitor ACY-738, lipoic acid, or lipoamide for 7 h at indicated concentrations and probed for
HDACS6 substrate proteins and acetylation sites (Loading controls: HA-CBP and HDACS6). ¢, Western blot of HEK293T cells
treated for 6 h with SAHA (Vorinostat), (R)-lipoic acid, or (S)-lipoic acid. d, comparison of dose-dependent effect of (R)-LA
and (S)-LA treatment on a-tubulin AcK40 in HEK293 cells (quantification data from Supplementary Fig. 3c).e, Acetyl-lysine
Western Blot of HeLa S3 cells cultured under various conditions and treated with 1 mM lipoic acid for 16 h. Culture conditions:
a: DMEM (10% FBS), 95% confluency; b: DMEM (10% FBS), 70% confluency; c: IMDM (10% FBS), 70% confluency; d:
supernatant of HelLa S3 cells after 3 d of culturing (old DMEM with 10% FBS), e: DMEM (10% FBS) plus 5 mM acetic acid, 70%
confluency; f: DMEM (without FBS), 70% confluency. Biological replicates of condition ‘a’ treated with lipoic acid or vehicle
control (DMSO) were used for quantification and plotting of Fig. 3c. f and g, Acetyl-lysine Western Blot of HelLa S3 cells
treated with 5 mM (R/S)-lipoic acid for different periods (f) and intensity of bands (g) relative to control (DMSO, 0 h
treatment) after normalization to B-actin loading control (n = 2 biologically independent samples for DMSO control CTRL,
data of control is represented as mean value). Source data are provided as a Source Data file.
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Supplementary Fig. 4| Small molecule ROS buffering effect under tertbutylhydroperoxide (tBuOOH) or arsenite stress.
Cells were pretreated with drug molecules and then exposed to stress inducers tBuOOH or arsenite. ROS was quantified by
microscopy via CellRox deep red signal intensity.
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Supplementary Fig. 5| Overview of enantioselective effects of (R)-LA and of effects independent of the stereochemistry of
LA. Assays used for the readout of the effects are provided in brackets.
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