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1 Synthetic methods
1.1 General remarks

Elemental analyses were obtained from the Microanalytical Laboratory of Technische Universitat Miinchen. IR
spectra were recorded on a Jasco FT/IR-460 PLUS (KBR pallets). Mass spectra were recorded on a Thermo
Electron LCQ classic. NMR spectra were recorded an a JEOL JNM-GX 400 (*H NMR 400.1 MHz, *C NMR
100.5 MHz, *P NMR 161.8 MHz, **F NMR 376.2 MHz) at T = 300 K, calibration to the residual proton
resonance and the natural abundance **C resonance of the solvent (CDCl;, & = 7.26 and & = 77.00 ppm). Signal
multiplicities are abbreviated as: s (singlet), d (doublet), t (triplet), m (multiplet), br (broad). The assignment of
proton signals was confirmed by *H COSY experiments.

All reactions were carried out under an atmosphere of argon using common Schlenk techniques.
Dichloromethane and triethylamine were dried over calcium hydride, distilled and degassed prior to use.
Polysterene bound cyclohexyl carbodiimide was obtained from Novabiochem. Papain (recrystallized twice) and
Bromelain were obtained from Sigma Aldrich or Hoffmann La Roche. Cathepsin L2 was received from Proteros
Biostructures, Martinsried. Ruthenium(l11) chloride hydrate, Rhodium(lll) chloride hydrate and all other
reagents were obtained from Sigma Aldrich and used without further purification. 2,5-Dihydro-benzylamine™,
[(7°-benzylammonium)RuCl,],Cl,, [(7*-benzylammonium)RuCl,(PPhs)]CI,  CsMe,H,(CHCH,)NH,P!,  [(77°-
Me,Cp(CH,),NH3z)RhCl,(PPh3)]CI¥, HO-Leu-CONHBn, HO-Epx-Leu-CONHBn (1-OH) and HO-Epx-Leu-
CONHCH,CH,CH(CH), (2-OH)"™ were synthesized according to known literature procedures.

Synthesis of monomeric precursors is required, since the very low solubility of dimeric Rh and Ru complexes in
common organic solvents prevents synthesis of m-AL.

1.2 Synthesis of non-covalent metal-conjugated affinity label precursor HO-deoxEpx-Leu-CONHBN 3-OH
Q H
N

OH
N
N L.
@ 0o o)
3-OH

Succinic anhydride (245 mg, 2.45 mmol, 1.2 eq) and pyridine (166 pL 2.04 mmol, 1.0 eq) were dissolved in
dichloromethane (75 mL) and HO-Leu-NHCOBnN (450 mg, 2.04 mmol, 1.0 eq) was added. The reaction mixture
was stirred for 24 h at RT. Volatiles were removed under reduced pressure and the crude product was purified
via flash chromatography (ethyl acetate / methanol = 15/ 1), yielding a white solid (537 mg, 1.68 mmol, 82 %).

C17H24N204 (320.4): caled. C 63.73, H 7.55, N 8.74; found C 63.42, H 7.39, N 8.61.

'H-NMR (400 MHz, CDCls, RT): & (ppm) = 9.17 (s, 1H, COOH), 7.71-7.61 (m, 1H, NHCHH"), 7.55 (d, 1H,
3Jun = 8.1 Hz, NHCH), 7.29-7.11 (m, 5H, Cg,H), 4.65-4.52 (m, 1H, NHCH), 4.35 (dd, 1H, 2.4y = 14.9 Hz, *Juy
= 5.8 Hz, NHCHH"), 4.19 (dd, 1H, 2,4 = 14.9 Hz, 334y = 5.0 Hz, NHCHH’), 2.62-2.28 (m, 4H, CH,CH}), 1.68-
1.46 (m, 3H, CH,CH(CHs),), 0.88 (d, *Ju = 4.7 Hz, CH), 0.85 (d, 3J = 4.6 Hz, CH’;).

B3C-NMR (101 MHz, CDCls, RT): & (ppm) = 176.3 (COO), 173.2 / 172.5 (CON), 137.9 (Cgy), 128.6 (Cg,H),
127.6 (CgoH), 127.5 (CgyH), 52.0 (CHCH,), 43.5 (NHCH,), 41.3 (CHCH,), 30.6 / 29.6 (CH,C H, / CH,C’H,),
24.9 (CH(CHa),), 22.8/22.3 (CH; / C’Hy).

ESI-MS m/z [%] = 679.3 [2M+K]* (100), 321.1 [M+H]" (76), 663.4 [2M+Na]" (51), 343.3 [M+Na]" (32).
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1.3 General procedure for the synthesis of metal-conjugated affinity labels

Dichloromethane (10 ml) was added to polystyrene bound cyclohexyl carbodiimide (0.24 mmol, 1.3 mmol/g) at
0° C and the resin was allowed to swell for several minutes. The corresponding carboxylic acid (1 or 2; 0.08
mmol) was added to the suspension. After 15 min, pentafluorophenol (0.12 mmol) in dichloromethane was
added slowly. The resulting suspension was stirred at 0° C for 1 h, warmed to RT and stirred for further 8 h.
After filtration, the metal complex (0.08 mmol) and triethylamine (0.36 mmol) were added at RT. After 30 min
the reaction mixture was extracted with water and brine (each 3 x 10 ml), dried over MgSO, and the solvent was
removed under reduced pressure. The resulting red solid was washed with diethylether and hexanes (each 3 x 10
ml) to yield the analytically pure metal-conjugated affinity label.

1.3.1  Rhodium-conjugated affinity label1™"

i R_A2 HJBéI
N Yu"'wr ;
H o o _Rh_
ClZ/ “PPhsg
1R cl

Product: red solid (63 mg, 0.069 mmol, 86 %).
C46Hs3CIN3O4PRh (916.7): caled. C 60.27, H 5.83, N 4.58; found C 60.22, H 6.09, N 4.34.

'H-NMR (400 MHz, CDCl;, RT): & (ppm) = 7.82-7.72 (m, 6H, CppnsH), 7.50-7.17 (m, 15H, CpppsH / CgoH /
CH,CH,NH), 7.09-6.95 (m, 2H, NHCH,Ph / NHCH), 4.48-4.40 (m, 1H, NHCH), 4.35 (dd, 1H, *Juy = 14.9 Hz,
®Jun = 5.8 Hz, NHCHH’Ph), 4.27 (dd, 1H, 33,4 = 14.9 Hz, 2,4 = 5.8 Hz, NHCHH’Ph), 3.55 (d, 1H, %3, = 1.9,
CH(O)CH’), 3.53 (d, 1H, 3J4y = 1.9, CH(O)CH"), 3.38 (m, 2H, CH,CH,NH), 2.26 (m, 2H, CH,CH,NH), 1.69-
1.50 (m, 3H, CH,CH(CHs),), 1.49 (d, 3H, “Jpy = 2.9 Hz, C¢,CHs), 1.48 (d, 3H, “Jpy = 3.1 Hz, Cc,CHs3), 1.09 (d,
6H, “Jp = 2.9 Hz, Cc,CHs), 0.83 (d, 3H, *Jyy = 3.1 Hz, CHCHs), 0.81 (d, 3H, *Ju = 3.1 Hz, CHCH’3).

BC-NMR (101 MHz, CDCl;, RT): & (ppm) = 171.5 / 166.5 / 166.2 (each s, CON), 138.2 (s, Cgn), 134.8 (d, *Jpc
=9.7 Hz, Cpppa), 130.7 (br s, Cppns), 128.7 (s, Cgy), 128.1 (br s, Cppns), 127.7 (s, CgyH), 127.4 (s, Cg,H), 102.5 (d,
Yane = 5.5 Hz, Ccp), 102.3 (d, 2Jrnc = 4.3 Hz, Ccp), 100.3 (dd, 2Jgnc = 6.6 Hz, *Jpc = 6.6 Hz, Ccy), 97.1 (M, Cgy),
545/ 54.1 (each s, CH(O)C’H / CH(O)C’H), 51.8 (s, CHCH,), 43.5 (s, NHCH,), 41.0 (s, CHCH,), 36.3 (d, “Jpc
= 4.3 Hz, CH,CH,NH), 24.8 (s, CH(CHs),), 24.6 (s, CH,CH,NH), 23.0 / 22.1 (each s, CH; / C’Hs), 9.5 (5,
CparomCH3), 8.7 (S, CPparomCHb3).

$IP.NMR (162 MHz, CDCls, RT,): & (ppm) = 30.0 (d, "Jpgy = 143 Hz).

ESI-MS: m/z [%] = 880.1 [M-CI]* (100), 618.2 [M-PPh;-CI]* (70).
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1.3.2  Ruthenium-conjugated affinity label 1°

@”;‘jﬁm@

CIZ/ “PPh
cl 3

Product: orange-red solid (68 mg, 0.079 mmol, 79 %).

C42H44Cl,N;04PRuU (857.77): caled. C 58.81, H 5.17, N 4.90; found C 58.47, H 5.09, N 4.64.

'H-NMR (400 MHz, CDCl;, RT): & (ppm) = 7.97 (t, 1H, 33y = 5.4 Hz, NHCH,), 7.76-7.65 (m, 6H, CpppsH),
7.51-7.22 (m, 14H, CppgH / CgoH), 6.76 (d, 1H, 3, = 8.3 Hz, NHCH), 6.50 (t, 1 H, *Jyy = 5.4 Hz, NHCH,),
5.61 (d, 1H, *Jyy = 5.6 Hz, ComnoH), 5.35-5.31 (M, 1H, CpewH), 5.29 (d, 1H, 3y = 6.1 Hz, ConoH), 5.12-5.04
(M, 1H, CrewH), 4.68 (dd, 1H, 2Jpn = 15.4 Hz, *Jy = 6.2 Hz, CHH®), 4.61-4.55 (M, 1H, CpaH), 4.52-4.30 (m,
5H, PhCH, / CHH* / CH,Ph), 3.93 (s, 1 H, CH(O)CH"), 3.57 (s, 1 H, CH(O)CH"), 1.73-1.50 (m, 3 H, CH,"Pr /
CH,CH(CHs),), 0.89 (d, 6H, 33,44 = 6.0 Hz).

BC-NMR (101 MHz, CDCl;, RT): & (ppm) = 171.4/ 167.1/ 166.3 (each s, CON), 138.2 (s, Cgy), 134.2 (d, Jpc =
9.2 HZ, CPPh3)1 133.0 (d, Jpc =47.7 HZ, Cpphg), 130.8 (d, Jpc =25 HZ, Cpphg), 128.7 (S, CBnH), 128.4 (d, Jpc =
10.1 Hz, Cppng), 127.8 (s, CgnH), 127.5 (s, CgaH), 107.6 (d, 2Jpc = 6.7 Hz, Carom), 89.5 (S, Carom), 88.0 (d, 2Jpc =
6.5 Hz, Cyom), 87.6 (S, Carom)s 86.2 (S, Carom)s 82.0 (S, Carom), 54.54 /54.46 / 51.9 (each s, CH(O)C’H / CH(O)C’H
/ CHCH2), 43,5 / 41.0 / 40.6 (each s, NHCH,C,om / NHCH,Cg, / CHCHy,), 24.9 / 23.0 / 22.1 (each s,
CH(CH3)(C’Hs) / CH(CH3)(C’H3) / CH(CH5)(C Ha)).

*p_NMR (162 MHz, CDCl;, RT): & (ppm) = 27.8 (s).

ESI-MS: m/z [%] = 822.1 [M-CI]* (100), 1679.8 [2M-PPh,-CI]* (20), 1415.8 [2M-PPhs-CI]* (8).

1.3.3  Rhodium-conjugated affinity label 2R"

N j(u,,,,_”/ :
H 0 o) Rh,
ClZ7 “PPhs
- cl

C44H57C|2N304PRh (89673) calcd. C 58.93, H 6.41, N 4.69; found C 58.47, H 5.09, N 4.64.

Product: orange solid (75 mg, 0.84 mmol, 84%)

'H-NMR (400 MHz, CDCl;, RT): & (ppm) = 7.91-7.74 (m, 6 H, ConH), 7.54-7.28 (M, 9 H,CyromH), 7.23 (t, 1 H,
*Jun = 6.0 Hz, CH,NHCO), 6.63 (d,1 H, )., = 8.6 Hz, CHNHCO), 6.10 (t, 1 H,%J,;; = 5.6 Hz, CONHCH,),
4.42-4.31 (m, 1 H, NHCHCO), 3.64-3.52(m, 2 H, CH,NHCO), 3.61 (d, 1 H,%Jy = 1.9 Hz, CHCH), 3.58 (d, 1
H,3un = 1.9 Hz, CHCH), 3.34-3.17 (m, 2H, NHCH,CH,), 2.32 (dt, 2 H,%J,,y = 6.8 Hz, “Jp,; = 3.1 Hz,
CcpCH2CH,), 1.69-1.48 (M, 4 H, CHCH,CH, CHCH,CH(CHs),, CH,CH,CH(CHs),), 1.58 (d, 3 H,*Jp}s = 2.4 Hz,
CcpCHs), 1.56 (d, 3 H,"Jp 4 = 2.3 Hz, Cc,CHs), 1.39 (q, 2 H,J 4= 7.8 Hz, CH,CH,CH(CHs),), 1.11 (d, 3 H,*Jp 4
= 3.4 Hz, Cc,CHa), 1.10 (d, 3 H*Jpp = 3.0 Hz, Cc,CHs), 0.92 (d, 6 HJy = 6.6 Hz, CH(CHs),), 0.88 (d, 6
H,%J1n = 6.1 Hz, CH(CH3),).

$Ip.NMR (162 MHz, CDCls, RT): & (ppm) = 29.2 (d, 23z, P = 142.2 Hz);
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ESI-MS: m/z [%] = 860.1 [M-CI]* (100).

1.3.4  Ruthenium-conjugated affinity label 2R

;jr”m@

[~/
CCI PPh3

CoH4sCI;N304PRuU (823.75): caled. C 57.35, H 5.77, N 5.02; found C 57.47, H 5.29, N 4.71.

Product: orange-red solid (80 mg, 0.095 mmol 95%)

'H-NMR (400 MHz, CDCls, RT): & (ppm) = 8.04 (t, 1 H, *Juy = 5.8 Hz, CH,NHCO), 7.75-7.65 (m, 6 H,
CaromH), 7.48-7.36 (M, 9 H, CyomH), 7.06 (d, 1 H, 3Jyn = 8.5 Hz, CONHCH), 6.50 (t, 1 H, %J, = 5.6 Hz,
CONHCH}), 5.65 (d, 1 H, 33y = 5.6 Hz, CaomH), 5.39 (M, 1 H, CaromH), 5.33 (d, 1 H, 3Jis = 5.5 Hz, CaronH),
5.16 (M, 1 H, CaromH), 4.67-4.58 (M, 2 H, CaromH, NHCHCO), 4.49-4.34 (M, 2 H, CaomCH,NH), 3.92 (s, 1 H,
CHCH), 3.64 (s, 1 H, CHCH), 3.33-3.13 (m, 2 H, NHCH,CH,), 1.69-1.52 (m, 4 H, CHCH,CH,
CHCH,CH(CH3),, CH,CH,CH(CH3),), 1.39 (q, 6 H, 3Jyn = 7.3 Hz, CH,CH,CH(CHy),), 0.91-0.87 (m, 12 H,
CH(CH)y).

$IP_NMR (162 MHz, CDCl3, RT): & (ppm) = 27.3 (5);

ESI-MS: m/z [%] = 802.2 [M-CI]+ (100).

1.35  Rhodium-conjugated non-covalent metalla affinity label 37"

SO

~ 1 “PPhg

Product: red solid (54 mg, 0.059 mmol, 73 %).
Cu6Hs5N304PRh (902.73): caled. C 61.20, H 6.14, N 4.65; found C 60.57, H 5.76, N 4.42.

'H-NMR (400 MHz, CDCls, RT): & (ppm) = 7.82-7.74 (m, 6H, CpppsH), 7.48-7.11 (m, 16H, NHCH, / CpppsH /
CenH/NHCH,), 6.46 (d, 1H, *Juy = 8.1 Hz, NHCH), 4.49-4.40 (m, 1H, NHCH), 4.36 (d, 2H, *J.s = 5.9 Hz,
NHCH.Ph), 3.52-3.33 (m, 2H, CH,CH,NH), 2.60-2.38 (m, 4H, COCH,CH,CO), 2.30-2.20 (m, 2H,
CH,CH,NH), 1.83-1.50 (m, 3H, CH,CH(CHs)y), 1.49 (d, 3H, “Jpyy = 2.8 Hz, C¢,CHs), 1.48 (d, 3H, “Jpy = 2.5 Hz,
CcyCHa), 1.03 (d, 3H, “Jpy = 3.3 Hz, C¢,CH3), 0.99 (d, 3H, “Jpy = 2.9 Hz, Cc,CHs), 0.89 (d, *Juy = 4.6 Hz,
CHCHj), 0.87 (d, *Juy = 4.6 Hz, CHCH’;).

BC-NMR (101 MHz, CDCl;, RT): & (ppm) = 172.9/ 172.7 / 172.4 (each s, CON), 138.9 (s, Cgy), 134.8 (d, %Jpc
= 9.5 Hz, Cppng), 130.7 (br s, Cppng), 128.6 (S, CanH), 128.2 (br s, Cppn), 127.7 (s, CgoH), 127.2 (s, CgH), 104.0
(d, "Jrnc = 6.0 Hz, Cg,), 102.9 (d, 2Jrnc = 6.0 Hz, Cc,), 101.0-101.3 (m, Cg,), 96.0 (d, Zrnc = 6.9 Hz,Cqp), 95.4
(d, Jrne = 7.6 Hz,Ccp), 522 (s, CHCHy), 43.4 (s, NHCH,), 40.7 (s, CHCH,), 36.1 (d, “Jpc = 4.7 Hz,
CH,CH,NH), 32.1 / 31.7 (each s, CH,C’H, / CH,C’H,), 25.0 (s, CH(CHa),), 24.7 (d, “Joc = 2.3 Hz,
CH,CH;NH), 23.2/21.9 (each s, CH;/ C’Hs), 9.7/ 9.6 / 8.7 / 8.6 (each s, C¢,CHb).

*p_.NMR (162 MHz, CDCl;, RT): & (ppm) = 29.8 (d, Jprn = 142.0 Hz).

ESI-MS m/z [%)] = 604.2 [M-PPhs-CI]* (100), 866.0 [M-CI]* (20).
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2 Conjugation of m-ALSs to cysteine proteases

2.1 Preparation of organometallic enzyme hybrids for MALDI-TOF/TOF analysis

2.1.1 MALDI TOF/TOF analysis of papain based organometallic enzyme hybrids: 50 pL of a papain
suspension were dissolved in 2950 uL of phosphate buffer (40 mm, pH 7.0), containing 1 mM DTT. To 50 uL of
this solution 5 uL of metalla-affinity label (0.342 mm in DMSQO) were added and incubated for 2 h at RT. Prior
to measurement, the samples were filtered using Millipore ZipTips C4 to remove buffer salts. The samples were
analyzed with a Bruker Ultraflex TOF/TOF with a SOUT-MTP ion source, samples were prepared in o-
cyanohydroxycinnamic acid, laser pulse at 337 nm, ~100 mJ, 1 ns pulse width. Spectra were calibrated to the
residual papain peak.

2.1.2 MALDI TOF/TOF analysis of Cathepsin L based organometallic enzyme hybrids: Cathepsin L is
diluted to a final concentration of 0.3 mg/ml in 20 mM sodium acetate at pH = 5.0 containing 100 mm sodium
chloride and 1 mm DTT. To 50 pl of the enzyme solution, 5 ul affinity label in DMSO (0.342 mM) are added
and incubated for 2 hours at RT The samples are prepared using Millipore ZipTips C4 to remove buffer salts.

Table S-1. Detected most abundant monoionic species in MALDI-TOF/TOF analysis of organometallic enzyme
hybrids.

OMEH Mass [Da] assignment

enzyme m-AL  observed AMopmEH-protease - COMPOSition Am expected
papain ; 23394 - [papain]* -
papain 1 23726 332 [papain+1]* 334
papain 2 23713 319 [papain+2]* 313
papain 1Rh 23976 582 [papain+1R"-2CI-PPh,]* 583
papain 1R 23814 420 [papain+1~"-2CI-PPhs-Ru]* 423
papain 2Rh 23961 567 [papain+2R"-2CI-PPh,]* 563
papain 2Ru 23795 401 [papain+2R¥-2CI-PPh,-Ru]* 403
papain 3Rh 23396 2 [papain]* -
cathepsinL - 24117 / 24240 | 243859 -- [cathepsin L]* -
cathepsinL 1 24446 [ 24574 [ 247249 334" [cathepsin L+1]* 334
cathepsinL 2 24423 [ 24546 [ 246949 308" [cathepsin L+2]" 313
cathepsin L 17" 24704 24828 / 249699 586" [catL+1R"-2CI-PPh,]* 583
cathepsin L 1R 24537/ 24669 / 248109 424" [catL+1RY-2CI-PPhs-Ru]* 423
cathepsin L~ 2R" 24666 / 24796 / 249439 5549 [catL+2R"-2CI-PPh3]* 563
cathepsin L  2RY 24534 [ 24638  24776® 410" [catL+2R"-2CI-PPh,-Ru]* 403

a) the cathepsine L sample showed 3 mass peaks with approximate difference of 123 Da and 145 Da. This pattern was
observed independently of the MALDI-matrix applied. b) Am=average of mass difference for all three peaks.

S-6



0
—

1004 24240
- 24669
&5 24638
8
o
3
_g 501 — cathepsin L:2Rv
T — cathepsin L:1R¢
[ 254 — cathepsin L
0+ - ‘h:-n-'-._
10000 15000 20000 25000
m/z
b)
1001 23814
= 23795
& 757
3
c
3
c 50+ . oRu
3 papain:2!
@ — papain: 1’
2 254 — papain
C lf = T T T
10000 15000 20000 25000
m/z

Figure S-1. a) MALDI-TOF mass spectra of cathepsin L before and after incubation with m-ALs 17* and 2R“: b)
MALDI-TOF mass spectra of papain before and after incubation with m-ALs 17 and 27"
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2.2 Chromogenic assays

The Papain suspension was diluted 1/100 (final conc. approx. 0.22 mg/ml) in 40 mM phosphate buffer (pH =
7.0), containing 2 mM DTT. Subsequently, to 200 ul of the prepared papain solution the appropriate amount of a
DMSO solution of the respective label (0-7 uL, 0.34mM) was added, followed by DMSO (7 - 0 uL) to achieve a
constant concentration of the organic solvent in all samples. After 45 min incubation time (3 h for m-AL 3%"),
BAPNA (20 pl, 1 mM in DMSO/40 mM phosphate buffer = 1/1) was added to each sample (total volume 227
l, Cpapain= 8.3uM; Cpaper= 0 — 10.5 uM) and the measurement was started on a Cary 50 UV-Vis spectrometer.
Absorbance was measured at 410 nm for 125 min at 25 °C.

1@papain? 2@papain®
0.3 0.3
0.25 0.25
0.15 e 0.15 ////
0.1 T 0.1 //‘
0.05 - — 0.05 %
0 - : . . : : . 0 - : . . . . .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
1R @papain® 2Rh@papain®
0.3
0.25

0.2
0.15
0.1
0.05
0

0 5 10 15 20 25 30 0 5 10 15 20 25 30

Figure S-2. Remaining proteolytic activity of papain incubated with different m-ALs. x-axis: time in minutes y-
axis: absorption. The following concentrations of m-AL were added: a) 0.00 mM / 1.58 mM / 3.16 mM / 6.32
mM / 9.48 mM; b) 0.00 mM / 1.58 mM / 3.16 mM / 6.32 mM; ¢) 0.00 mM / 1.58 mM / 3.16 mM / 4.74 mM /
6.32mM/7.90 mM/9.48 mM /11.06 mM.
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Comparison of m-AL 17" and 3%". The Papain suspension was diluted 1/100 (final conc. approx. 0.22 mg/ml) in

40 mM phosphate buffer (pH = 7.0), containing 2 mM DTT. Subsequently, to 200 pl of the prepared papain
solution 5 pL of the respective m-AL solution (0.0 uM, 4.7 uM, 24, 95 uM, 120 uM, 140 puM, 190 uM, 240 pM,
300 uM, 400uM in DMSO) were added. After 3 h incubation time BAPNA (10 uL, 1 mM in DMSO / 40 mM
phosphate buffer = 1/1) was added to each sample (total volume 215 pL, Cpapain= 8.7 UM; Ciaber= 0 — 9.5 uM) and

the measurement was started on a Genios 96-well plate reader. Absorbance was measured at 410 nm for 250 min
at 25 °C.

a) A410 nm b) A410 nm (t - 60 min)

0.6 1 1L |
02 N
05 :
60 min a
04 - 3
[V
0.3 1 S
@ 0.1 1
e /" E .—/
01| fet
é et ' papain + 1Rn
0 T T T ] 0 T T T "
0 50 100 150 200 0 2 4 6 8
t (min) CraL (MM)

Figure S-3. (a) Chromogenic assay monitoring papain’s activity for proteolytic cleavage of BAPNA at different
concentrations of m-AL 1°" over 200 min. (b) Absorption measured at t = 60 min; papain inhibition by 1R"
(blue) or 3%" (orange).
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3 Hydrogenation of ketones using organometallic enzyme hybrids
3.1 General procedure for hydrogenation of ketones

General procedure for asymmetric hydrogenation of ketones catalyzed by organometallic enzyme hybrids: A 1
mL glass vial, equipped with a stirring bar was charged with 200 pL of protease suspension (¢ = 22 mg/mL) and
260 uL aqueous buffered solution (120 mM PO,?) containing DTT (0 to 7.7 mM). After incubating for 1 h, 50
pL DMSO and 5 pL of the m-AL (30 mM in DMSO) were added and the solution was stirred gently for 3 h.
Subsequently 5uL 1-OH (20 mM in DMSO) were added and the reaction solution was stirred for another 3 h,
before 5 pL of ketone (2 M in DMSO) was added. The vial was placed in a standard multivial autoclave and
pressurized with H, (10 to 75 bar) at the desired temperature (20 to 40 °C). After the desired amount of time,
pressure was released and the reaction solution was extracted with dichloromethane (600 pL, 2.5 h). Yields were
determined either with °F NMR spectroscopy or gas chromatography. Enantiomer enrichment was determined
by chiral GC-FID (Chirasil-Dex).

Substoichometric addition of the catalyst motive ensures that m-ALs bind to the protease and that metal centers
are embedded in a chiral environment. However, after addition and binding of the m-AL, residual protease
activity can be detected. If quenching of the residual protease activity by addition of 1-OH is neglected, self-
cleavage of the protease results in slow digestion of the OMEH catalyst leading to irreproducible results.

Overall, efficient covalent anchoring of the m-AL in the protease’s binding site is a key-factor to achieve good
catalytic activities and stereoinduction. This was also reflected in a pronounced dependence of the OMEH
catalyst’s performance on the composition of the protease batch used, which we encountered during our studies.
Hence, it is mandatory to control the quality of the enzyme batches used. We realized that the quality of
commercially available papain and bromelain varies from batch to batch and even more from vendor to vendor.
Low quality batches lead to reduced yields and lower enantiomer enrichment. Usually, batches of lower quality
can already be identified by a substantial amount of impurities visible by the MALDI MS. To ensure
comparability of the results presented in this study, all reactions were conducted with enzymes of the highest
quality level (twice recrystallized) available from Sigma Aldrich. For any new batch we recorded a MALDI-MS
spectrum of the protease and tested its proteolytic activity using the chromogenic assay described above. Further
a test run with m-AL 1°" and substrate S-4 was carried out under standard conditions (see below) to identify
potential changes in performance. This way we achieved good reproducibility of our results.

3.2 Prochiral substrates for asymmetric hydrogenation used in this work
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Figure S-3. Hydrogenation substrates.
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3.3 Variation of different parameters

If not mentioned otherwise, standard reaction conditions for hydrogenations are:
120 mM phosphate buffer, pH = 6.5, p(H,) = 25 bar, t = 65 h, protease host: papain, c(protease) ca. 0.36 mM,
c(m-AL) = 0.28 mM, c(substrate) = 20 mM, DMSO content: 12.4 %, ¢(DTT) = 0.95 mM, substrate S-4.

Table S-2. Variation of DMSO concentration (reaction conditions: T =30 °C, 1.9 mM DTT).
enzyme m-AL DMSO/[%] vyield/[%] % major

papain 1" 124 81? 60 (R)
papain  1R" 12.4 16 62 (R)
papain  1°f" 8.0 4 61 (R)
papain 17" 5.2 3 58 (R)
papain 17" 3.2 <1 n.d.

9T =40°C,0.95mMDTT

Table S-3. Variation of reaction temperature (reaction conditions: 3.8mM DTT).
enzyme m-AL T/[°C] vyield/[%] % major

papain 17" 20 10 62 (R)
papain 17" 30 16 62 (R)
papain 17" 40 53 62 (R)
papain  3%" 20 2 53 (R)
papain 3" 40 14 55 (R)

Table S-4. Variation of hydrogen pressure (reaction conditions: T = 40 °C, 0.95mM DTT).
enzyme m-Al p(Hy) /[bar] vyield/[%] % major

papain 1" 10 10 56 (R)
papain 1f" 25 81 62 (R)
papain 1f" 75 89 60 (R)
papain 3" 10 6 52 (R)
papain 3" 25 26 53 (R)
papain 3" 75 21 52 (R)

Table S-5. Variation of pH value (reaction conditions: T =40 °C, 0.95mM DTT).
enzyme m-AL pH vyield/[%] % major

papain 17" 6.0 33 60 (R)
papain  1R" 6.5 81 62 (R)
papain  1R" 7.0 39 60 (R)
papain  1R" 75 42 58 (R)
papain  3%" 6.0 7 <53
papain  3%" 6.5 26 54 (R)
papain  3%" 70 37 54 (R)
papain  3%" 75 33 53 (R)

S-11



Table S-6. Variation of DTT concentration (reaction conditions: T =40 °C, pH = 6.5).

enzyme m-AL DTT/mm vyield/[%] % major
papain 17" 3.8 53 62 (R)
papain 17" 2.9 57 61 (R)
papain 17" 1.9 58 61 (R)
papain 17" 0.95 81 62 (R)
papain 17" 0.48 36 58 (R)
papain 17" 0.19 19 51 (R)
papain 17" 0.01 21 51 (R)
papain 17" 0 49 54 (S)
papain  3%" 3.8 14 55 (R)
papain  3%" 2.9 20 53 (R)
papain  3%" 1.9 15 52 (S)
papain  3%" 0.95 27 51 (S)
papain  3%" 0 30 52 (S)
Table S-7. Hydrogenations with 17"
enzyme m-AL p(Hy) /bar t/[h] vyield/[%] % major
papain 1R 75 96 44 60 (S)
papain 1R 25 65 19 63 (S)
bromelain 1™ 75 96 44 60 (S)
bromelain 1™ 25 65 18 63 (S)
- 1~ 25 65 5 <53

Table S-8. Hydrogenations with bromelain as host protein.

enzyme m-Al T/°C pH p(Hy)/bar DMSO/[%] DTT[mM] t/[h] vyield/[%] % major
bromelain  1"" 40 6.5 75 12.4 3.8 96 36 <51
bromelain 17" 20 65 25 12.4 3.8 65 3 <53
bromelain  1"" 40 6.5 25 12.4 0.95 65 11 56 (S)
bromelain 1% 40 6.5 75 12.4 0.95 96 44 60 (S)
bromelain 1% 40 6.5 25 12.4 0.95 65 18 63 (S)
bromelain 2" 40 6.5 25 12.4 0.95 65 17 54 (S)
bromelain 2" 40 6.5 75 12.4 0.95 96 36 57 (S)
Table S-9. Hydrogenations with 2", 3%" or without host protein.
enzyme m-Al T[°C] pH p(Hy)[bar] DTT [mM] t[h] yield [%] % major
papain 2RN 40 6.5 25 0.95 65 41 60 (R)
bromelain 27" 40 65 25 0.95 65 36 57 (S)
- 2Rh 20 65 25 38 65 <1 n.d.
- 2Rh 40 65 25 0 65 4 <51
papain 37" 40 65 25 0.95 65 26 53 (R)
- 3rh 40 65 25 0.95 65 6 <51
- 3rh 40 65 25 0 65 4 52 (R)
- 1Rn 40 65 25 0.95 65 7 51 (S)
- 1Rn 20 65 25 38 65 <1 n.d.
- 1Rh 40 65 25 0 65 4 51 (R)
- 1~ 40 65 25 0.95 65 6 <51
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