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Supplementary Information 
 

Levosimendan prevents tau pathology by inhibiting disulfide-linked tau oligomerization posing as a promising anti-tau therapeutics









Figure S1. Dose-dependent inhibition of tau-BiFC response activated by FK
Figure S2. Dose-dependent inhibition of tau-BiFC response activated by tauK18P301L
Figure S3. Levosimendan inhibits tau phosphorylation at Ser396 in tau-BiFC cells
Figure S4. Anti-tau aggregation effect of levosimendan treated at various time point after 
tau aggregation
Figure S5. Disulfide-linked tau oligomers in wild type and TauP301L transgenic mice

Data S1. Characterization of 14C-Levosimendan 
Data S2. ESI-MS analysis of tau peptides 
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Fig. S1 Dose-dependent inhibition of tau-BiFC response activated by FK.     
Tau-BiFC cells were incubated with MB, LMTM or levosimendan at various concentrations (0.1, 0.3, 1, 3, 10, 30, 100 M) upon the activation with forskolin (30 for 46 hrs. Nuclei were counterstained with Hoechst (red). Scale bar, 100 m.
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Fig. S2 Dose-dependent inhibition of tau-BiFC response activated by tauK18P301L.
Tau-BiFC cells were incubated with MB, LMTM or levosimendan at various concentrations (0.1, 0.3, 1, 3, 10, 30, 100 M) upon the activation with tauK18P301L (5 g/mL) for 46 hrs. Nuclei were counterstained with Hoechst (red). Scale bar, 100 m.
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Fig. S3 Levosimendan inhibits tau phosphorylation at Ser396 in tau-BiFC cells.
Immunoblot analysis of phospho-tau. For the immunoblot analysis, tau-BiFC cells were treated with MB, LMTM (0.5, 1.5, 5 µM), or levosimendan (5, 15, 45 µM) in the presence of tauK18P301L. Green arrows indicate monomer bands of hTau-VN173 and hTau-VC155. Bands above 100 kDa indicates tau oligomers. Relative amounts of monomeric tau (white bars) and oligomeric tau (grey bars) were quantified by Image J. Two-way ANOVA with Dunnett’s multiple-comparisons test was performed; ****p < 0.0001, compared with the level of monomer in basal. ##p < 0.01, ###p < 0.001, ####p < 0.0001, compared with the level of oligomers in basal. n.s., non-significant. 
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Fig. S4 Anti-tau aggregation effect of levosimendan treated at various time points after tau aggregation. 
Tau-BiFC cells were treated with levosimendan at 1, 12, 24, and 36 hours after tauK18P301L activation. After 72hrs, nuclei were counterstained with Hoechst (red). Scale bar, 100 m.
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Fig. S5 Disulfide-linked tau oligomers in wild type and TauP301L transgenic mice. 
a Tau-immunoblot analysis of WT- and TG- brain lysates. RIPA-soluble fractions of wild type and TauP301L-BiFC mice (14-month-old) were separated under reducing and non-reducing conditions. Green arrows indicate hTau-VN173 and hTau-VC155. Black arrows indicate endogenous murine tau (mTau). b Quantification of total tau protein (n=3 per group). Relative amounts of hTau (green bars), mTau (white bars) monomers, and oligomers (red bars) were quantified by Image J. A two-tailed t-test was performed; ***p < 0.001, compared with mTau monomer of wild type; §§§§p < 0.0001, compared with HMW oligomer of wild type mice.


Data file S1. Characterization of 14C-Levosimendan
a 1H NMR spectrum of Levosimendan. 
[image: ]
b 1H NMR spectrum of 14C-Levosimendan.
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c LC/MS characterization of 14C-Levosimendan
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[bookmark: OLE_LINK1]Data file S2. ESI-MS analysis of tau peptides  
a ESI-MS analysis of tau repeat 1 domain (Tau R1). 
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b ESI-MS analysis of tau repeat 2 domain (Tau R2). 
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c ESI-MS analysis of tau repeat 3 domain (Tau R3). 
[image: ]

d ESI-MS analysis of tau repeat 4 domain (Tau R4). 
[bookmark: _GoBack][image: ]

image3.png
K18P301L

MB LMTM Levo.

el el il

Control
DMSO

[ Monomer
3 HMW oligomer (SDS & B—met resistant)
' MomH Tau 20 -
l : ns. s, H n.s.
i%g: & oligomers ‘é” 154 &  nswm o ns. S;
] : £ a5 © o P .S.
Y nm= B mmem e TN S - g
75 - RS RERNCS 3 s o 3
60 - g 3
L
1 S MB LMIM  Levo.

IB: pTauS39%




image4.png
70h 72h* (Hoechst)

Tau-BiFC “OFF

Tau-BiFC “ON





image5.png
Tau5 (Reducing) Tau5*(Non-reducing)
wT 16 wT 6
(kDa) Tau5 (Reducing) Tau5*(Non-reducing)
v 3
Tau oligomer O mTau ssss | O] mTau
215 it —B. 1.5 O hta e | O a0
S s 2] I HMW oligomer
e § 1.0 = (SDS-resistant)
100- S ° S
M) <hTaWI3 S =
e Ll “hTauvctss 0.5+ £ 1
60-
~rrrl « 0.0+ o+
=3 It
5 ‘,Aggfg k] < WT TG WT TG





image6.png
Levosimendan
TH-NMR

122
—12.99
—10.993

—1

pe

7.853
7.830

527
7.504

7.

B:agﬁ-)n
(@S )

NAME Nov20-2017
EXPNO 35
1

20171120

16.43

spect

5 mm BBO BE-1H

Hz
Hz
sec
usec

PL1 -1.60 dB

PLIW 27.04931350 W

sFo1 400.1324710 MHz

s1 32768

sE 400.1300000

WDW E:

ssB

15
GB
BC

13 12 11

E 8

10

[

-

301~

ppm




image7.png
14C-Levosimendan

——10.989

12 10

el
1.00- 2

Y

an
L5

NAME Nov20-2017
EXPNO 3
PROCNO 1
Date_ 20171120
Tinme 9.40
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG 2930
™ 65536
SOLVENT DMSO
NS 16
DS 2
SWH 8223.685
FIDRES 0.125483
AQ 3.9846387
RG 101
DW 60.800
DE 6.50
TE 296.6
D1 1.00000000
TDO 1

CHANNEL f1 =:

1H
10.60
-1.60
27.04931450

400.1324710 M
32768

400.1299999 ¥
EM
0
0.30
0
1.00

Hz
Hz
sec

usec
usec

sec





image8.png
Betfut ol window 605 dpan HasaiSpeckeum, of Feak O.414 ofl 475.5 Print of window 80: Apex Mass Spectrum of Peak 0.406 of HOT.D

Aoex Mass Spectrum of Pesk 0.414 of STD.D foex Mass Spectrum of ok 0 Ao o O R oS FRRG T8
o B e ol O EH A BATADT S G103 STOLD S AP Pos. Sean. P 180 -
000 | A 2814 & 211
Levosimendan (m+1) Levosimendan (m+1) I
Levosimendan Levosimendan + *4C-Levosimendan
0000 200000 |
150000
20000
o0 ] o
4C-Levosimendan (m+1)
o el i andiebaln. wodal J.lﬂlnly i leJ..thnlhh.,h‘, P,
s o

Bom.
Instrument 1 1172072017 Bage 1 of 1




image9.png
fto] 5439
] Meetier 6525
90 1 [M+7H])7+ |
| [N]l+5H]5+
07 4o 8164
| | [M+4H}4+
7u |
]
801 ‘
] |
1 | ‘
| ‘ ‘
o |
i |
0 |
B W ‘
0 2 epn M
SN 1 1 N NN S
L} 60 o
Sample Description
Analyzed date: 2020-07-24
Analyst: YU
Sample: TauR1 QK-31
M.W.: 3257.71
Lot. No.: P200715-SJ245623

MASS SPECTROMETRY REPORT

TauR1:QTAPVPMPDLKNVKSKIGSTENLKHQPGGGK
Cia1H23sN2044Sy
MW.:3257.71
Cal. Mass : 465.39 [M+7H]™*
542.95 [M+6H]**
651.54 [M+5H]>*
814.43 [M+4H]**

73 — T T 7T
(L 120 uwo oo 160 W m
Instrument Agilent-6125B
Probe: ESI Probe Bias: +4.5kv
Nebulizer Gas Flow: 1.5L/min Detector: 1.5kv
-20.0v T. Flow: 0.2ml/min
250°C B. Conc.: 50%H20/50%ACN

200°C




image10.png
MASS SPECTROMETRY REPORT

TauR2: VQIINKKLDLSNVQSKCGSKDNIKHVPGGGS
Ci39Ha3oN430458;

M.W. :3264.71

Cal. Mass : 544.12 [M+6H]**

|
{ [M=6H]6+ 652.94 [M+5H]*

Lof ‘ 816.18 [M+4H]*
‘ 1088.24 [M+3H]*
[M=3H+
B \ 3
| .
20 : i
104 | [M#3H]3+
' 108930 i
me h” ] !
S B i . L s 108 UNSEIS8_ TBRSS gi0s teal0 195108
L) 500 00 900 1000 100 120 1300 1400 1500 1600 1700 1800 190 mz
Sample Description Instrument SHIMADZU LCMS-2020
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M.W.: 3264.71 CDL Temp.: 250°C B. Conc.: 50%H20/50%ACN

Lot. No.: P200715-SJ245624 Block Temp.: 200°C




image11.png
MASS SPECTROMETRY REPORT

el @]

b 65“!5“%];_ TauR3:VQIVYKPVDLSKVTSKCGSLGNIHHKPGGGQ

7 | Ci43H336N4y048,

| M.W. : 3247.79
12 | Cal. Mass : 541.30 [M+6H]**
| 649.56 [M+5H]>*
0 e 811.95 [M+4H]*
i
P 1082.60 [M+3H]**
07
[M+6H]6+
520
05
[M#3H]3+
108365
6274
03] 73100
4045 i 1045.30 1987.55
ol ol "™ e o ms s % e -
000 tlea] bl L ULl 8O0 L fa, JMAGE 125805 IDBAS S M S - B 11
50 ) 0 0 W 0 0 0 B0 40 B0 B0t 80 90 mz

Sample Description Instrument SHIMADZU LCMS-2020
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Sample: TauR3 VQ-31 CDL: -20.0v T. Flow: 0.2ml/min
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Analyst: YU Nebulizer Gas Flow: 1.5L/min Detector: 1.5kv
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