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Supplementary Scheme 1. Exemplary synthesis scheme for quenched probes and non-quenched 

analogs (synthetic route 2). HOBt, 1-hydroxybenzotriazole; PyBOP, (benzotriazole-1-yl-

oxy)tris(pyrrolidino) phosphonium hexafluorophosphate; DIEA, diisopropylethylamine; Boc, t-

butyloxycarbonyl; SPPS, solid-phase peptide synthesis; TFA, trifluoroacetic acid, SE, succinimide 

ester.
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Supplementary Figure 1.

    

Supplementary Figure 1. Inhibition of legumain.

Inhibition of legumain in RAW cell lysates with 5 µM inhibitors described in Table 1. The lysate 

was incubated with increasing concentrations of the corresponding probe for 1 h at 37 °C followed 

by labeling with 4 for an additional 30 min. The reaction was stopped with 4X sample buffer (40% 

glycerol, 0.2% Tris/HCl pH 6.8, 20% β-mercaptoethanol, 12% SDS and 0.4 mg mL-1 bromophenol 

blue) and boiled. Lysates were separated by SDS-PAGE 12.5% acrylamide and visualized by 

fluorescence scanning of the gel with an Odyssey flatbed laser scanner (excitation/emission 

680/700 nm).

Supplementary Figure 2.
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Supplementary Figure 2. Selected probes for in vitro labeling of legumain and cathepsin B in 

intact Colo 205 cells. 

2 µM of probes were incubated with the cells for 4 h. The cells were collected, washed and lysed 

in hypotonic lysis buffer. Equal amount of proteins were loaded on 14% SDS PAGE, separated 

and scanned for Cy5 fluorescence with a Typhoon flatbed laser scanner (Ex/Em 635/665 nm).   

Supplementary Figure 3.

Supplementary Figure 3. Labeling of recombinant caspase-7 with qABP 22.

Probe 22 was incubated at various concentrations with recombinant caspase-7 or caspase-3 for one 

hour, the reaction was stopped, separated by SDS PAGE and the gel was scanned for fluorescence.
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Supplementary Figure 4.

Supplementary Figure 4. Immunofluorescence colocalization studies for detecting cleaved 

Caspase-3 in the nucleus of A2780 cells. 

A2780 cells were seeded in an 8-well coverslip chamber (Nunc) in RPMI supplemented with 10% 

FBS 50 µg mL-1 of gentamicin and incubated at 37 °C under 5% of CO2. After one day, 5 µM of 

cisplatin were added for 50 h, then the media was withdrawn and the cells were fixed using 4% 

paraformaldehyde. Cells were permeabilized using 0.1% Triton-X for 15 min and primary 

antibodies of cleaved caspase-3 (rabbit) and calnexin (goat) were added. Cells were washed and 

incubated with an anti-rabbit secondary antibody conjugated to Cy5 and an anti-goat secondary 

antibody conjugated to Cy3. Cells were photographed with a Zeiss LSM 710 Axio Observer.Z1 

with a 63×/1.4 Oil DIC M27 lens, in Cy5, DAPI and DsRed channels. Scale bar is 5 µm.

Supplementary Movie 1 legend.

A2780 cells were seeded in an 8-well coverslip chamber in RPMI supplemented with 10% FBS 

and incubated at 37 °C under 5% of CO2. After one day, cells were treated with 5 µM of cisplatin 

for 30 h. The medium was replaced with medium containing 1 µM of probe 22 and 5 µM cisplatin 

(with no phenol red at pH 6.7). The chamber was placed in a confocal microscope (a Zeiss LSM 

710 Axio Observer.Z1 with a 63×/1.4 Oil DIC M27 lens, in Cy5 channel) under 5% of CO2 and 

the wells were imaged every 15 min for 48 h. 

Supplementary Figure 5.
a.

           Merge 

http://www.zeiss.de/C12567BE0045ACF1/ContentsWWWIntern/201B3D72D6DE7E8CC125697700445A80
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b.
Blotting of cellular fractions with a calnexin antibody
     M       ER        N        C   

Supplementary Figure 5. Protein analysis of cellular fractions.

a. Cellular fractions were analyzed with mass spectrometry for their protein content. Identified 

proteins in each fraction were compared to biological processes using KEGG analysis. A heat map 

of proteins in the cellular fractions is presented, signaling pathways are color coded, the list is 

found on the right. 

b. To verify the purity of the cellular fractions, a Western blot with an anti- calnexin antibody to 

detect calnexin (an ER marker) was performed, demonstrating calnexin enrichment in the ER 

fraction. 

90 kDa

High abundance Low abundance 
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Supplementary Figure 6.
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Supplementary Figure 6. Cleaved caspase -7 is not detected in the ER.

A2780 cells were treated with cisplatin for 3 days, cell were then lysed and cell fractionation was 

performed. Equal protein amounts from all fractions were spread by a 14% SDS-PAGE, that was 

transferred to a PVDF membrane and exposed to a caspase-7 antibody (Cell Signaling 9492). 

Cleaved caspase-7 (20kDa) was not detected in the ER fraction. 
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Supplementary Methods

Chemical synthesis and characterization of inhibitors and qABPs

The synthesis of the caspase inhibitors was essentially following the protocol previously reported 

in Blum et al. (Blum, von Degenfeld et al. 2007) (referred to as synthetic route 1); optimization of 

the protocol however allowed to increase the final yield of the qABPs synthesis, up to 30%.

Synthesis of the Acyloxy methylketone (AOMK) core fragment using a dimethyl terephthalic acid 

(DMTA) unit

An overview of the synthesis scheme is given in Supplementary Scheme 1 referred to as 

synthetic Route 1. In brief, the synthesis initiates with the preparation of the required tripeptide 

sequence by solid phase peptide synthesis (SPPS). The peptide was cleaved using mild acidic 

conditions, thus maintaining the Boc and t-Bu protecting groups on the side chain residues. The 

protected tripeptide was then converted to a Boc-Glu (OtBu)- (P2) Amino acid-Asp(OtBu) 

chloromethyl ketone (CMK) which then was coupled to 2, 6-dimethyl-terrephthalic-acid. The 

AOMK was then removed from resin using mild acidic conditions, thereby maintaining the 

protecting groups on the side chain residues and allowing for a subsequent stepwise coupling of 

the quencher and the fluorophore. The product was purified by preparative HPLC, compound 

containing fractions were pooled and evaporated to dryness. Formation of ABPs from the AOMK 

building block was done as described below.

0.15 mmol of 2-Chlorotrytyl resin was shaken with 0.225 mmol Fmoc 1, 6-diaminohexane hydrochloride 

and 0.45 mmol DIEA in dry DCM for 1 h. 150 µl methanol was added to quench the resin and the overall 

resin loading was quantified to be 0.9 mmol/g. The Fmoc group was cleaved with 20% piperidine in DMF. 

For coupling the dimethyl-terephthalic acid, 1.5 eq (relative to the resin loading) of 2,6 dimethyl-

terephthalic acid was preactivated with 1.5 eq HOBt, 1.7 eq PyBOP and 6 eq DIEA in DMF and then added 

to the resin bound free amine for 2 hrs. To form the AOMK warhead, 2 eq. of the tripeptide chloromethyl 

ketone premade as described in (Blum, von Degenfeld et al. 2007) and 10 eq potassium fluoride were added 

in dry DMF under argon for 2 hrs. The protected peptide was removed from resin in three 5 ml batches of 



8

2% TFA in DCM. The cleavage solution was removed using vacuum after addition of toluene and the 

residue was purified by HPLC. For details see Supplementary Table 1.

Synthesis of quenched activity based probe (qABP)

1.1 eq of QSY21 SE (Invitrogen) or BlackBerry SE (Berry & Associates) or 10 eq of acetic 

anhydride were coupled to the free amine of the preformed AOMK and the resulting products were 

HPLC purified via C-18 RP preparative column to obtain the precursors of quenched ABP (qABP) 

and acetylated ABP, respectively (Supplementary Scheme 1). The protecting groups of aspartic 

acid and glutamic acid residues were removed using 40% TFA in dry DCM and the free amine 

terminus of each compound was coupled to Cy5 SE (GE Healthcare) to receive fluorescently labeled 

qABPs or acetylated ABPs, respectively. The ABP and its corresponding qABP were purified with a C-18 

RP column in HPLC using a water/acetonitrile gradient (0.1 % TFA in DDW or 0.1 % TFA in acetonitrile). 

Product-containing factions were pooled, evaporated and lyophilized, thus receiving a blue powder.  All 

final compounds were diluted in DMSO to receive a 50 mM stock solution that was used for biochemical 

studies.

Acyloxy methylketone based on Glycine warhead formation, Scheme 1

The synthesis of the tripeptide was done on solid support using 2-Chlorotrityl chloride resin 

(described above). After cleavage of the tripeptide from the solid support, it was converted into 

chloromethyl ketone and afterward reacted with N-(trityl)-glycine overnight at RT with potassium 

fluoride in DMF, to produce the AOMK. In the following step, the trityl protecting group was 

removed and the compound was reacted with one of the two quencher units, QSY21 SE or BBQ 

SE. After removal of the Boc protecting groups with 40% TFA, Cy5 was coupled to generate the 

desired qABPs. The final probes were purified by preparative HPLC and characterized using 

LCMS and High resolution-MS.

High-resolution mass spectrometry (HRMS) was performed using LTQ XL Orbitrap (Thermo 

Scientific). HRMS [MH]+ calculated for compound 22 (C86H101O22N12S2) is 1717.6589, found 

http://www.berryassoc.com/
http://www.berryassoc.com/
http://www.berryassoc.com/
http://www.berryassoc.com/
http://www.berryassoc.com/
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1717.6583 ; the m/z for the [M2H]2+ is 859.3331, found 859.3330. The difference between the 

calculated and the found mass was less than 1 ppm.

LC-MS characterization conditions. 

A C-18 RP monolithic column or a C-4 RP column were used for characterization of crude and 

final products, with an injection volume of 5-15 µl of the product dissolved in methanol at a 

concentration of 1-10 µM. UV detection was performed at 215, 254 and 646 nm (for Cy5-labeled 

or quencher-labeled ABPs). MS probe conditions: ESI probe ionization voltage +75 V, probe 

temperature 300 °C.

Preparative purification conditions.

The crude products were injected in quantities of 2-50 mg via different loops (volume 0.1-1 ml) 

into the preparative column. Purifications were performed with C-18 RP or C-4 RP columns, using 

a gradient of water (DDW (0.1% of TFA)) and ACN (0.1% of TFA). 



10

LCMS Characterization 

Compound 22.
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Compound 1.
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Compound 2. 
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Compound 3. 
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Compound 4. 
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Compound 5.
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Compound 6. 
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Compound 7.
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 Compound 8.
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Compound 9.
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Compound 10.
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YS4_141(1)_dry #2025 RT: 14.66 AV: 1 NL: 7.96E6
T: {0,0}  + c ESI !corona sid=75.00  det=1071.00 Full ms [200.00-1750.00]
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Compound 11.
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O

O

O

OH

NH

Chemical Formula: C39H50N6O11
Exact Mass: 778.35

Molecular Weight: 778.85  

YS4_103 #965 RT: 6.93 AV: 1 NL: 2.04E6
T: {0,0}  + c ESI !corona sid=75.00  det=1071.00 Full ms [200.00-1500.00]
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RT: 0.00 - 14.00
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Compound 12. 
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Chemical Formula: C78H82N9O14S+

Exact Mass: 1400.57
Molecular Weight: 1401.60

YS4_142_125umPCB_101206171318 #3313-3353 RT: 23.96-24.25 AV: 41 NL: 1.54E6
T: {0,0}  + c ESI !corona sid=75.00  det=1071.00 Full ms [300.00-1800.00]
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RT: 0.00 - 35.00
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Compound 13. 

[MH+]

H2N
N
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N

O
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O

O

OH

H
N

O

Chemical Formula: C33H41N5O11
Exact Mass: 683.28

Molecular Weight: 683.71
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Compound 14.

                

N
H

O

H2N
N
H
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N

O

O

O
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NHO

O

O

O

OH Chemical Formula: C34H43N5O11
Exact Mass: 697.30

Molecular Weight: 697.73  
RT: 0.00 - 14.00

0 2 4 6 8 10 12 14
Time (min)

0

20000

40000

60000

80000

100000

120000

140000

160000

180000

200000

220000

240000

260000

uA
U

0.27

2.79

NL:
2.78E5
Channel A  
UV 
YS4_138_0
,5ui_50mM
_80ul_5_50
ACN

YS4_138 #712-727 RT: 5.11-5.22 AV: 16 NL: 2.29E4
T: {0,0}  + c ESI !corona sid=75.00  det=1071.00 Full ms [200.00-1500.00]
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Compound 15.

YS4_137 #930-948 RT: 6.68-6.81 AV: 19 NL: 3.25E6
T: {0,0}  + c ESI !corona sid=75.00  det=1071.00 Full ms [200.00-1500.00]
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RT: 0.00 - 14.00
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N
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H2N
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O

HO O

NHO

O

O

O

OH Chemical Formula: C37H49N5O11
Exact Mass: 739.34

Molecular Weight: 739.81
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Compound 16.
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N
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O O O

N+

NH2N
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O

O

O

HO O

NHO

O

O

O

OH

Chemical Formula: C76H81N8O14S+

Exact Mass: 1361.56
Molecular Weight: 1362.57

 

YS4_140(1)_dry #2294-2340 RT: 16.61-16.95 AV: 47 NL: 3.34E6
T: {0,0}  + c ESI !corona sid=75.00  det=1071.00 Full ms [200.00-1750.00]
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RT: 0.00 - 35.00
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Compound 17. 
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Chemical Formula: C109H120N10O21S3
2+

Exact Mass: 2000.78
Molecular Weight: 2002.37

 

RT: 0.00 - 7.00

0 1 2 3 4 5 6 7
Time (min)

0

5000

10000

15000

20000

25000

30000

35000

uA
U

2.57 NL:
3.88E4
Channel B  
UV 
YS5_51fro
m1mMstoc
k2

YS5_51from1mMstock2 #351-356 RT: 2.55-2.59 AV: 6 NL: 1.39E5
T: {0,0}  + c ESI !corona sid=75.00  det=1376.00 Full ms [200.00-2000.00]
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Compound 18.
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N

Chemical Formula: C105H112N10O21S3
2+

Exact Mass: 1944.72
Molecular Weight: 1946.26

YS5_67_2mM_1per40 #335-345 RT: 2.44-2.51 AV: 11 NL: 4.65E5
T: {0,0}  + c ESI !corona sid=75.00  det=1376.00 Full ms [200.00-2000.00]
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RT: 0.00 - 7.00
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Compound 19.
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Chemical Formula: C100H120N13O23S2
+

Exact Mass: 1934.81
Molecular Weight: 1936.23  

RT: 0.00 - 7.00
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YS5_70_1934_afterlyof #342-351 RT: 2.49-2.55 AV: 10 NL: 1.83E6
T: {0,0}  + c ESI !corona sid=75.00  det=1376.00 Full ms [200.00-2000.00]
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YS5_77_1783_afterlyo_2mM_1ulper35_dil1 #920-947 RT: 6.72-6.91 AV: 28 NL: 5.31E4
T: {0,0}  + c ESI !corona sid=75.00  det=1376.00 Full ms [150.00-2000.00]
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  Compound 21.

N
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O O O

N+

N

N+
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N

SO3H

O

Chemical Formula: C95H101N9O20S3
2+

Exact Mass: 1783.63
Molecular Weight: 1785.06


