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1 Representative synthetic selenoproteins or Sec-containing proteins

Table S1. Representative synthetic selenoproteins or Sec-containing proteins via native chemical ligation or related methods.

Entry Protein #ofaa #of ligations # of Cys/Sec Post-ligation treatment Refs

Selenoprotein

1 Selw 86 1 2Cys, 1Sec None !
2 SelM 122 3 1Cys, 1Sec MeD(l ';‘:z:liztt?;sm 1
3 SelK 90 1 1Sec Deselenization 2
4 Thioredoxin Reductase 490 1 3Cys, 1Sec None 8
5 SelF 134 2 7Cys, 1Sec Desulfurization; This work

Acm-removal/Mob-removal

Sec-containing protein

1Cys, 1Sec
6 Seleno-Grx3 82 1 Thiol alkylation at the ligation site 4
or 2Sec
7 Seleno-Grx1 85 2 1Sec Thiol alkylation at the ligation site 5
8 RNaseA C110U 124 1 7Cys, 1Sec None 6
9 [7Sec-81Sec]-Cp-5 82 1 4Cys, 2Sec None 7
1 5Cys, 1Sec None;
10 Sec-analogues of BPTI 58 or or or 810
2 4Cys, 2Sec MeONH, treatment
11 Sec112-azurin 128 1 2Cys, 1Sec None 1
12 Sec-analogues of SDF-1 72 1 4Cys, 1Sec None 12
13 Se-TSTD1 114 2 1Sec Deselenization 13
14 Seleno-Fd 97 2 4Sec,1Cys None 1

2 General reagents and methods

Commercially available materials were obtained from Adamas, Energy Chemicals, or Sigma-Aldrich. Standard Fmoc-amino acids,
Fmoc-Sec(Mob)-OH, 2-CI-(Trt)-Cl resins, Rink amide MBHA resin, 1-hydroxybenzotriazole (HOBt), 2-(1h-benzotriazole-1-yl)-1,1,3,3-
tetramethyluronium tetrafluoroborate (TBTU) were purchased from GL Biochem (Shanghai). The reagents acetylacetone (acac) and
inslin (from bovine pancreas) were purchased from Aladdin. Sodium ascorbate, ethylene diamine tetraacetic acid (EDTA) and 2,2'-
(ethylenedioxy)diethanethiol (DODT) were purchased from TCI. Palladium chloride (PdCl,) and 2,2'-Azobis[2-(2-imidazolin-2-yl)
propane] dihydrochloride (VA-044) were obtained from J&K Scientific. N,N-diisopropylethylamine (DIPEA), N,N'-
diisopropylcarbodiimide (DIC), dithiothreitol (DTT), tris(2-carboxyethyl)phosphine (TCEP), trifluoroacetic acid (TFA), 2-methyl-2-
propanethiol (t-BuSH), and guanidine hydrochloride (Gdn-HCI) were obtained from Adamas. Methoxylamine (CH3;ONH;-HCI) and
triisopropylsilane (TIPS) were purchased from Energy Chemicals. Ribonuclease A from bovine pancreas (RNase A), trypsin (from
bovine pancreas), L-arginine hydrochloride (Arg-HCI), tris(hydroxymethyl)aminomethane (Tris), glutathione reduced (GSH) and
glutathione oxidized (GSSG) were purchased from Sangon. The reagents N,N-dimethylformamide (DMF) and dichloromethane (DCM)
were purchased from GHTCH (Guangdong). 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) and 4-mercaptophenylacetic acid (MPAA)
were purchased from Alfa Aesar. Hiss-Ulpl was recombinantly expressed using a reported procedure®. Acetonitrile (MeCN) used in
analytical HPLC was obtained from Fisher. a-chymotrypsin (from bovine pancreas, type 1l) and acetonitrile (MeCN) used in
preparative HPLC were obtained from Sigma-Aldrich. Analytical HPLC (Agilent 1260) was performed on a Phenomenex Jupiter C4
column (4.6 x 250 mm, 300 A, 5 uym particle size) running at a flow rate of 1 mL/min with UV detection at 214 and 254 nm. Semi-
preparative HPLC (Shimadzu AR-20) was performed using Waters a XBridge® peptide BEH C18 OBD™ Prep column (300 A, 5 um,
10 x 250 mm) or a Welch Ultimate XB-C4 column Prep column (300 A, 5 ym, 10 x 250 mm) running at a flow rate of 4.7 mL/min with
UV detection at 214 and 254 nm. Preparative HPLC (Ruihe® Tech) was performed using a Welch Ultimate XB-C4 column Prep
column (300 A, 5 ym, 30 x 250 mm) running at a flow rate of 40 mL/min with UV detection at 214 and 254 nm. Solvent A: 0.1 % TFA
in water; Solvent B: 0.1 % TFA in MeCN. LC-MS was performed on an Agilent LC/MSD (ESI) system on ACE 5 C4 column (150 x 4.6
mm). MALDI-TOF mass spectra (Shimadzu 8020) were obtained in the linear positive mode using a matrix of 10 mg/mL a-cyano-4-
hydroxy-cinnamic acid (CHCA) in water/MeCN (1: 1, v/v) with 0.1% TFA.



3 General synthesis procedures

3.1 Preloading of 2-CI-(Trt)-NHNH; resin

2-Chlorotrityl chloride resin (0.9 mmol/g, 1 g) was swollen in DMF for 20 min and then washed with DMF (2 x 5 mL), DCM (2 x 5
mL), and DMF (2x 5 mL). The resin was treated with freshly prepared 5% hydrazine monohydrate in DMF (2x 20 mL) for 30 min and
then washed with DMF (2 x 5 mL), DCM (2 x 5 mL), and DMF (2 x 5 mL). The resin was treated with freshly prepared 5% MeOH in
DMF (20 mL) for 10 min and then washed with DMF (2 x 5 mL), DCM (2 x 5 mL), and DMF (2 x 5 mL). DIPEA (1.2 mmol) was added
to a solution of Fmoc-AA-OH (0.6mmol) and TBTU (0.6 mmol) in DMF (5 mL). After 2 min of pre-activation, the mixture was added to
the resin, which was then shaken for 2 h at 25 °C. The resin was washed with DMF (2 x 5 mL), DCM (2 x 5 mL), and DMF (2 x 5 mL),
and then capped with 20% acetic anhydride in DMF (10 mL) for 20 min, and washed with DMF (2 x 5 mL), DCM (2 x 5 mL), and DMF
(2 x 5 mL) again.*®

3.2 Estimation of amino acid loading

The resin (10 mg) loaded with the first amino acid was treated with 2% DBU/DMF (2 mL) for 30 min at 25 °C to remove the Fmoc
group. The blank group was set up. The deprotection solution (2 mL) was diluted to 10 ml with MeCN, and then 0.8 mL was further
diluted to 10 mL with MeCN. The UV absorbance of the resulting piperidine-fulvene adduct solution was measured (A = 304 nm) to
estimate the amino acid loading on the resin.

3.3 Fmoc deprotection

The resin was treated with 20% piperidine in DMF (5 mL, 2 x 10 min) at 25 °C and then washed with DMF (2 x 5 mL), DCM (2 x 5
mL), and DMF (2 x 5 mL).

3.4 Coupling of general amino acids

Peptides were synthesized on a CS Bio 136XT synthesizer using Fmoc solid phase peptide synthesis (SPPS) chemistry. The
following Fmoc amino acids with side-chain protecting groups were used: Fmoc-Ala-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Asn(Trt)-OH,
Fmoc-Asp(OtBu)-OH, Fmoc-GIn(Trt)-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Gly-OH, Fmoc-lle-OH, Fmoc-Leu-OH, Fmoc-Lys(Boc)-OH,
Fmoc-Phe-OH, Fmoc-Pro-OH, Fmoc-Ser(tBu)-OH, Fmoc-Thr(tBu)-OH, Fmoc-Tyr(tBu)-OH, Fmoc-Val-OH, etc. SPPS was performed
on 2-CI-(Trt)-Cl or Rink amide MBHA resins. Fmoc deprotections were performed with 20% piperidine in DMF (10 min x 2). Couplings
were performed with Fmoc amino acid (4.0 equiv to resin substitution), TBTU (3.9 equiv) and DIPEA (8.0 equiv) in DMF for 60 min
(45 °C). After coupling, unreacted free amine was capped by treatment with 20% acetic anhydride in DMF for 10 min and then
washed with DMF (2 x 5 mL), DCM (2 x 5 mL), and DMF (2 x 5 mL).

3.5 Coupling of Fmoc-Phe-Ser(Psi(Me, Me)Pro)-OH or Fmoc-Asp(OtBu)-Ser(Psi(Me, Me)Pro)-OH

A solution of Fmoc-Phe-Ser(Psi(Me, Me)Pro)-OH or Fmoc-Asp(OtBu)-Ser(Psi(Me, Me)Pro)-OH (4 equiv), HOBT (3.9 equiv), and
DIC (8 equiv) in DMF was added to the resin. The reaction was shaken for 4 h at 30 °C. After coupling, unreacted free amine was
capped by treatment with 20% acetic anhydride in DMF for 10 min and then washed with DMF (2 x 5 mL), DCM (2 x 5 mL), and DMF
(2 x5 mL).

3.6 Coupling of Fmoc-Cys(Trt)-OH or Fmoc-Cys(Acm)-OH

A solution of Fmoc-Cys(Trt)-OH or Fmoc-Cys(Acm)-OH (4 equiv), HOBT (3.9 equiv), and DIC (8 equiv) in DMF was added to the
resin. The reaction was shaken for 1 h at 45 °C. After coupling, unreacted free amine was capped by treatment with 20% acetic
anhydride in DMF for 10 min and then washed with DMF (2 x 5 mL), DCM (2 x 5 mL), and DMF (2 x 5 mL).
3.7 Coupling of Fmoc-Sec(Mob)-OH

A solution of Fmoc-Sec(Mob)-OH (2.5 equiv), HOBT (2.45 equiv), and DIC (5 equiv) in DMF was added to the resin. The reaction

was shaken for overnight at RT. After coupling, unreacted free amine was capped by treatment with 20% acetic anhydride in DMF for
10 min and then washed with DMF (2 x 5 mL), DCM (2 x 5 mL), and DMF (2 x 5 mL).



4 Synthesis of the peptide fragments

4.1 Synthesis of SelF(1-41) thioester fragment 1

Amino acid sequence of S1:
FGAEFSSEAC'® R ELGFSSNLL CSSCDLLGQF NLLQLDPDCR G*!

(e o] (SHa o) COOH
_ 2.5 eq acac /@/\
Fmoc-SPPS
@ —c-(1rt)ycr FmoeSHES NHg, 10 60 MPAA ws
pH 3.0, RT, 10 h
2-Cl-(Trt)-Cl resin S1 1

Figure S1. Synthesis of SelF(1-41) thioester 1, and the pseudo-proline dipeptide building blocks used during SPPS are shown in italic.

SelF(1-41)-NHNH, (S1) was synthesized on 2-CI-(Trt)-Cl resin (theoretical loading: 0.9 mmol/g) using Fmoc-Gly-OH with 0.4
mmol/g loading and elongated according to standard Fmoc-SPPS protocols to afford resin-bound peptide. The peptide was cleaved
using TFA/H,O/DODT (95:2.5:2.5 v/v/v) (2-3 mL per 100 mg of resin) for 2 h a t 25 °C. After filtration, the filtrate was concentrated by
blowing with a gentle flow of N,. Add the precooled diethyl ether to precipitate crude peptides. The resulted suspension was
centrifuged (8000 rpm, 5 min, 4 °C), and the ether layer was decanted. Air-dry the peptide product in the open centrifuge tube for
about 30 min to acquire the crude peptide SelF(1-41)-NHNH; (S1).

The crude peptide S1 (400 mg, assumed 100% purity) was dissolved to 40 mg/mL in 6 M Gdn-HCI, 0.2 M Na,HPOQ,, pH 3.0, with
10 equiv MPAA, 2.5 equiv acac (from a 0.1 M stock in water) were added to the mixture, and the reaction mixture was stirred for 10 h
to form thioester'” fragment SelF(1-41)-SR (1). The mixture was centrifuged (8000 rpm, 5 min, 4 °C), filtered and purified by
preparative HPLC at 25 °C with a gradient of 25 to 70% MeCN (with 0.1% TFA) in 25 min to obtain 8 mg of segment 1 (1 g resin;
2.5%). Overall, 18 mg of segment 1 was obtained. The purity and exact mass of the peptide was confirmed using analytical HPLC
and ESI-MS, respectively. ESI-MS analysis of 1 with the observed mass 4593.0 Da, calcd 4593.0 Da (average isotopes).

B
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Figure S2. (A) Analytical HPLC traces (25 to 70% MeCN (with 0.1% TFA) in 25 min, A = 214 nm) of crude SelF(1-41)-NHNH;, S1 and purified SelF(1-41)
thioester 1. (B) ESI-MS analysis of S1 with the observed mass 4457.0 Da, calcd 4457.0 Da (average isotopes). ESI-MS analysis of 1 with the observed mass
4593.0 Da, calcd 4593.0 Da (average isotopes).



4.2 Synthesis of SelF(42-74) thioester fragment 2

_ (SAcm), SeMob
Acm-S 2 Acm=S (SAcm), SeMob

(o]
Fmoc-SPPS 2.5 eq acac [e] COOH
.—Z—CI—(TH)-CI _—— WNHNHZ 10 eq MPAA )\'rw /@/\
S

HoN"a2 HN
. o pH 3.0, RT, 10 h 2N 42
2-Cl-(Trt)-Cl resin S2 l¢] 2

Figure S3. Synthesis of SelF(42-74) thioester 2.

SelF(42-74)-NHNH; (S2) was synthesized on 2-CI-(Trt)-Cl resin (theoretical loading: 0.9 mmol/g) Fmoc-Ala-OH with 0.35 mmol/g
loading and elongated according to standard Fmoc-SPPS protocols to afford resin-bound peptide. The peptide was cleaved™® *° using
TFA/H,O/DODT (95:2.5:2.5 v/v/v) (2-3 mL per 100 mg of resin) for 1.5 h at 4 °C. After filtration, the filtrate was concentrated by
blowing with a gentle flow of N, about 30 min at 4 °C. Add the precooled diethyl ether to precipitate crude peptides. The resulted
suspension was centrifuged (8000 rpm, 5 min, 4 °C), and the ether layer was decanted. Air-dry the peptide product in the open
centrifuge tube for about 30 min to acquire the crude peptide SelF(42—-74)-NHNH, (S2).

The crude peptide S2 (300 mg, assumed 100% purity) was dissolved to 40 mg/mL in 6 M Gdn-HCI, 0.2 M Na;HPO,, pH 3.0, with
10 equiv MPAA, 2.5 equiv acac (from a 0.1 M stock in water) were added to the mixture, and the reaction mixture was stirred for 10 h
to form thioester fragment SelF(42—-74)-SR (2). The mixture was centrifuged (8000 rpm, 5 min, 4 °C), filtered and purified by
preparative HPLC at 25 °C with a gradient of 25 to 55% MeCN (with 0.1% TFA) in 30 min to obtain 25.9 mg of segment 2 (1 g resin;
8.6%). Overall, 102 mg of segment 2 was obtained. The purity and exact mass of the peptide was confirmed using analytical HPLC
and ESI-MS, respectively. ESI-MS analysis of 2 with the observed mass 4164.0 Da, calcd 4163.8 Da (average isotopes).
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2
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Figure S4. (A) Analytical HPLC traces of crude SelF(42—-74)-NHNH, S2 and purified SelF(42—74) thioester 2.
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Figure S5. (A) MALDI-TOF analysis of S2 with the observed mass 4029.0 Da, calcd 4028.9 Da (average isotopes). (B) ESI-MS analysis of 2 with the observed
mass 4164.0 Da, calcd 4163.8 Da (average isotopes).



4.3 Synthesis of SelF(75-134) fragment 3

4.3.1 Attempted synthesis of SelF(75—-134) fragment 3 by Fmoc-SPPS

C’5FVRSDKPKLFRGLQIKYVRGSDPVL'°°KLLDDNGNIAEELSILKWNTDSVEEFLSEKLERI'34

HS.

. H Fmoc-SPPS
N—Fmoc
I ——

Rink Amide MBHA resin (o)

The SelF(75-134)-CONH, fragment 3 was synthesized on Rink amide MBHA resin (theoretical loading: 1.2 mmol/g) using Fmoc-lle-
OH with 0.46 mmol/g loading and elongated according to standard Fmoc-SPPS protocol to afford resin-bound peptide. The
pseudoproline dipeptides of Fmoc-Asp(OtBu)-Ser(Psi(Me, Me)Pro)-OH was coupled according to the protocol 3.5. The peptide was
cleaved using TFA/H,O/TIPS (95:2.5:2.5 v/v/v) (2-3 mL per 100 mg of resin) for 2 h at 25 °C. After filtration, the filtrate was
concentrated by blowing with a gentle flow of N,. Add the precooled diethyl ether to precipitate crude peptides. The resulted
suspension was centrifuged (8000 rpm, 5 min, 4 °C), and the ether layer was decanted. Air-dry the peptide product in the open
centrifuge tube for about 30 min to acquire the crude peptide. To determine the progress of synthesis, the crude peptides of
SelF(106-134), SelF(100-134) and SelF(97-134) were analysed using analytical HPLC and MALDI-TOF. It was found that the
synthesis was already poor at LeulOO (i.e. 35 aa), while the target peptide peak was low and with significant aspartimide
contamination®, possibly at the Asp-Asp or Asp-Asn sequences. When synthesis continued to Asp97 (i.e. 38 aa), the target peptide
content was extremely low. It would be difficult to complete the synthesis of the 60-aa SelF(75-134), fragment 3, we have thus
decided to switch to the recombinant expression technology (see below).
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Figure S6. Analytical cleavage and analysis of the attempted synthesis of SelF(75-134) fragment 3 via HPLC (15 to 65% MeCN (with 0.1% TFA) in 20 min, A =
214 nm) and MALDI-TOF.



4.3.2 Expression of SelF(75-134) fragment 3

The gene encoding for the Hise-SUMO-SelF(75-134) fusion protein® was synthesized and codon-optimized for E. Coli expression
(GenScript Inc., Nanjing). The synthetic gene was cloned into the pET-30a expression vector using the Ndel/EcoRl restriction sites.
The vector pET-30a (+)-SelF(75-134) required for the overexpression of the desired Hiss-SUMO-SelF(75-134) can be obtained from
GL Biochem. The cleavage site between Gly and Cys is marked in bold. The full amino acid sequence of Hise-SUMO-SelF(75-134)
was:
MNWSHPQFEKSSGSSGGHHHHHHGGSGGSGSDSEVNQEAKPEVKPEVKPETHINLKVSDGSSEIFFKIKKTTPLRRLMEAFAKRQG
KEMDSLRFLYDGIRIQADQAPEDLDMEDNDIIEAHREQIGGCFVRSDKPKLFRGLQIKYVRGSDPVLKLLDDNGNIAEELSILKWNTDSV
EEFLSEKLERI.

Expression

(1) overexpression

(2) Ni-NTA purification

Hisg—:10] (o) SelF(75-134) gelelols]

(3) refolding of SUMO domain
(4) Hisg-Ulp1 cleavage SUMO
(5) CH30ONH, pH 4.0
(6) HPLC purification

o

NH,
3

SUMO = Small Ubiquitin-like Modifier
Ni-NTA = Nicker nitrilotriacetic acid complex

Figure S7. Expression and purification of SelF(75-134) fragment 3.

Overexpression and purification of Hisg-SUMO-SelF(75-134):

LB (2 L): 10 g/L tryptone, 5 g/L yeast extract, 10 g/L NaCl, pH 7

Cell lysis buffer: 0.9% NaCl, pH 7

Extraction buffer: 8 M Urea, 20 mM imidazole, 0.5 M NaCl, 20 mM Tris, pH 8

Ni-NTA binding buffer: 8 M Urea, 20 mM Imidazole, 0.5 M NaCl, 20 mM Tris, pH 8

Ni-NTA eluting buffer: 8 M Urea, 250 mM Imidazole, 0.5 M NaCl, 20 mM Tris, pH 8

Refolding buffer: 6 M Urea, 0.15 M NaCl, 20 mM Tris, 10% glycerol, pH 8; 4 M Urea, 0.15 M NaCl, 20 mM Tris, 10% glycerol, pH 8; 2
M Urea, 0.15 M NaCl, 20 mM Tris, 10% glycerol, pH 8; 1 M Urea, 0.15 M NaCl, 20 mM Tris, 10% glycerol, pH 8; 0.15 M NaCl, 20 mM
Tris, 10% glycerol, pH 8, these dialysates were changed every 12 h.

The plasmid was firstly transformed into BL21(DES3) E. coli cells chemically. An overnight culture of the cells harboring an expression
vector was inoculated (1:50 dilution) in a 4 L flask containing 30 pg/mL Kanamycin in 2 L LB at 37 °C. After reaching an ODggo Of 0.6—
0.8 overexpression of Hise-SUMO-SelF(75-134) was induced by the addition of 2 mL 1 M IPTG stock solution (final conc. 1 mM) at
37 °C for 4 h. Cells were harvested by centrifugation (8000 rpm, 4 °C, 15 min). Typically, 6 g cell precipitates were resuspended in 50
mL of cell lysis buffer and lysed by ultrasonication (30—40 % power, 3 s on 5 s off, 25 min). The crude lysate was centrifuged (16000
rpm, 4 °C, 20 min) and the supernatant was discarded. The precipitate was stirred at 4 °C overnight with 10 mL of Ni-NTA binding
buffer to extract Hiss-SUMO-SelF(75-134). The precipitate was removed by centrifugation (16000 rpm, 30 min, 4 °C, 5 cycles) and
the supernatant applied to a HisTrap™ FF column (5 mL) at 2 mL/min with a AKTA pure chromatography system. Absorption was
monitored at 280 nm. The column was washed with 20 mL of Ni-NTA binding buffer. Hise-SUMO-SelF(75-134) (S3) was eluted with
25 mL of Ni-NTA eluting buffer in fractions of 5 mL.

The 10 mL fractions with A280 > 0.1 was gradually dialyzed to the 0.5 L refolding buffer to complete the refolding of SUMO domain.
400 pL of a stock solution of Hise-Ulp (A280 = 0.5) were added to the folded Hise-SUMO-SelF(75-134) (S4) (10 mL, A280=1.8) (Ulp1:
protein = 2:50, v/v) and the reaction was incubated for 2 h at 30 °C. Equal volume of the buffer containing 6 M Gdn-HCI, 200 mM
Na;HPO,4, 200 mM CH3;ONH-HCI, 10 mM TCEP (pH 3), was added to the mixture and the pH was adjusted to 4.0 to remove any N-
terminal cyclized byproduct of fragment 3. After overnight incubation, the mixture was centrifuged (8000 rpm, 5 min, 4 °C), filtered
and purified by preparative HPLC at 25 °C with a gradient of 25 to 48% MeCN (with 0.1% TFA) in 20 min to obtain 13 mg of SelF (75—
134) (3) (6.5 mg/L LB). The purity and exact mass of the peptide was confirmed using analytical HPLC and ESI-MS, respectively.
ESI-MS analysis of 3 with the observed mass 6965.7 Da, calcd 6965.7 Da (average isotopes).
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Figure S9. SDS-PAGE of the Hise-SUMO-SelF(75-134) cell lysis, Ni-NTA purification of S3 and refolding of S4 followed by cleavage of the Hise-SUMO tag. Lane
1: soluble fraction after cell lysis; lane 2: after Ni-NTA purification; lane 3: refolding of S4; lane 4: cleavage of the Hiss-SUMO tag; lane 5: pure SelF(75-134) (3);
lane 6: molecular weight standard.

A) S4

(a) His;-Ulp1 cleavage 0 h

His,-SUMO tag

/

(b) His -Ulp1 cleavage 2 h 3

and CH,ONH, overnight

6965.7

B)3 3

Mass (Da)
4000 8000

(c) Pure

12000

5 10 15 20 25
Time (min)

Figure S10. (A) Analytical HPLC traces (15 to 65% MeCN (with 0.1% TFA) in 20 min, A = 214 nm) of S4, the cleavage of the Hiss&-SUMO tag from refolded S4
and pure 3. (B) ESI-MS analysis of 3 with the observed mass 6965.7 Da, calcd 6965.7 Da (average isotopes).

5 1% ligation, desulfurization and Acm/Mob deprotection
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5.1 Synthesis of fragment 4 by NCL (on a 5 pmol scale)

' R- ‘
' E? ' Acm-S (SAcm), SeMob o HS
CooH! 2" # 3
: © 2 3
| Acm- 4 15tNCL: 6 M Gdn+HCl, 0.2 M Na,HPO,,
3’,’\NJ\ 20 mM MPAA, 10 mM TCEP, pH 6.5, RT,
H ' 2 h (60.2% isolated yield )
ra ! Acm=S (SAcm), SeMob SH
el I W
: H,N"42 N7
s "o
OCH | 4

Figure S11. Synthesis of fragment 4 by NCL.

The peptide-thioester 2 (6.5 pmol, 1.3 equiv, 27.1 mg) and Cys-peptide 3 (5 pymol, 1 equiv, 34.8 mg) was dissolved in 2.5 mL of
ligation buffer of 6 M Gdn-HCI and 0.2 M Na;HPO,4 with 10 mM TCEP and 20 mM MPAA at pH 6.5. The solution was incubated at RT
for 2 h (confirmed by LC-MS monitoring). Then, to the ligation reaction mixture was added 5 equiv TCEP to reduce at RT for 15 min.
Then, the mixture was centrifuged (8000 rpm, 5 min, 4 °C), filtered and purified by preparative HPLC at 25 °C with a gradient of 25 to
55% MeCN (with 0.1% TFA) in 30 min to collect the desired fractions and immediately lyophilized, affording the desired fragment 4 as
a white amorphous powder (33 mg, 60.2% isolated yield). The purity and exact mass of the peptide was confirmed using analytical
HPLC and ESI-MS, respectively.
2

(a) SelF(42-74)-SR “

3
(b) SelF(75-134) J
3/4
(c) NCL 1 min A l
4
(d)NCL2h A “
4
(e) Pure JL
é . 1I2 I 1I6 ' 2I0 54 l 2I8 I 3I2

Time/min

Figure S12. Analytical HPLC traces (25 to 55% MeCN (with 0.1% TFA) in 30 min, A = 214 nm) of NCL and the purified 4.
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Figure S13. ESI-MS analysis of 4 with the observed mass 10962.2 Da, calcd 10962.6 Da (average isotopes).

5.2 Synthesis of fragment 5 by desulfurization

5.2.1 Desulfurization of peptide 4 in standard conditions

Acm-S (SAcm), SeMob o SH
o} o 4

Desulfurization: 30~40 eq VA-044,
0.2 M TCEP, 5% t-BuSH, 37 °C, 4 h

Acm-S (SAcm), SeMob o
o) 9] 5
+ (~2%)
Acm-S (SAcm), o
(o] o 5'
(~98%)

Figure S14. Schematic representation for the desulfurization of peptide 4 with 30-40 eq loadings of VA-044 for 4 h.

The peptide 4 (0.091 pmol, 1 mg) was dissolved in 0.36 mL of buffer of 6 M Gdn-HCI and 0.2 M Na,HPO, with 0.2 M TCEP at pH
6.5 and divided into two portions. Then, to the each of the peptide solution was added t-BuSH (5 uL, v/v), and then 40 equiv and 30
equiv of VA-044 (the stock solution 0.1 M) were added to the each of the peptide solution, which was incubated at 37 °C for 4 h.?
Then, the mixture was followed by centrifugation and injection of the supernatant into HPLC using a C4 analytical column with a
gradient of 25-55% MeCN (with 0.1% TFA) in 20 min. When the high equivalent VA-044 was added, only the by-product 5' with
desulfurization at Cys75 and deselenization at Sec65—despite being Mob-protected, was obtained.
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Figure S15. (A) Analytical HPLC traces of the desulfurization of peptide 4 with 30-40 eq loadings of VA-044 for 4 h. (B) ESI-MS analysis of 4 with the observed
mass 10962.2 Da, calcd 10962.6 Da (average isotopes); (C) ESI-MS analysis of by-product 5’ with the observed mass 10730.0 Da (average isotopes).

5.2.2 Stability experiment of side chain Se(Mob) group

The Sec-peptide S2 (0.124 pmol, 0.5 mg) was dissolved in 0.6 mL of buffer of 6 M Gdn-HCI and 0.2 M Na;HPOQO, at pH 6.5 and
divided into six portions. The peptide S2 were put in the following conditions: (a) 5% t-BuSH (5.2 uL, v/v); (b) 0.2 M TCEP (5.72 mg);
(c) 20 equiv VA-044 (0.1 M stock solution, 4 uL); (d) 5% t-BuSH (5.2 L, v/v), 0.2 M TCEP (5.72 mg); (e) 20 equiv VA-044(0.1 M
stock solution, 4 pL), 0.2 M TCEP (5.72 mg); (f) 20 equiv VA-044 (0.1 M stock solution, 4 yL), 0.2 M TCEP (5.72 mg), 5% t-BuSH (5.5
WL, v/v), respectively. Then, the each of the peptide solution was incubated at 37 °C for 4 h. The each of mixture was followed by
centrifugation and injection of the supernatant into HPLC using a C4 analytical column with a gradient of 25-55% MeCN (with 0.1%
TFA) in 20 min. There are no significant changes can be observed when peptide S2 was incubated with TCEP or t-BuSH, which led
us to conclude that VA-044 could most probably be the reason. VA-044 would cause Se(Mob) group unstable and removed. The by-
product S2' and S2" was confirmed using analytical HPLC and ESI-MS, respectively.
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(a) 5% t-BuSH, 4 h

_Szk
52
52
\_/\J& (b) 0.2M TCEP, 4h
>

(c) 20 eq VA-044,4 h

S2
(d) 5% t-BuSH,
0.2M TCEP,4h
82
s2'
(e) 20 eq VA-044,
0.2M TCEP,4h
52
S2' ()20 eq VA-044,
0.2M TCEP,
5% t-BuSH, 4 h
8 12 16 20 24
Time/min

Figure S16. Analytical HPLC traces of peptide S2 in the conditions of (a)~(f) for 4 h, respectively.

Obsd: 40271 | g2 Obsd: 3825.3 |s2' Obsd: 3810.5 | s2"
Calcd: 4027.9 Caled: 3827.9
2500 3000 3500 4000 4500 5000 2500 3000 3500 4000 4500 5000 2500 3000 3500 4000 4500 5000
Mass (Da) Mass (Da) Mass (Da)

Figure S17. MALDI-TOF analysis of S2 with the observed mass 4027.1 Da, calcd 4027.9 Da (average isotopes); by-product S2' with the observed mass 3825.3
Da, calcd 3827.9 Da (average isotopes); by-product S2'" with the observed mass 3810.5 Da.
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5.2.3 Effect of different loading of VA-044 on the desulfurization of peptide 4

Acm-S (SAcm), SeMob o SH
NL(M
o 4

O

Desulfurization: 2.5~40 eq VA-044,
0.2 M TCEP, 5% t-BuSH, 37 °C, 1 h

Acm-S (SAcm), SeMob

1 iy
NN i 1-126)
HoN"42 H 75

o 5

SAcm),

Acm—-S ( ) o
0 "o 5'
Figure S18. Schematic representation for the desulfurization of peptide 4 with different loadings of VA-044.

The peptide 4 (0.182 pmol, 2 mg) was dissolved in 0.36 mL of buffer of 6 M Gdn-HCI and 0.2 M Na,HPQO, with 0.2 M TCEP at pH
6.5 and divided into four portions. Then, to the each of the peptide solution was added t-BuSH (5 L, v/v), and then 40 equiv, 30
equiv, 15 equiv and 2.5 equiv of VA-044 (the stock solution 0.1 M) were added to the each of the peptide solution, which was
incubated at 37 °C for 1 h. Then, the mixture was followed by centrifugation and injection of the supernatant into HPLC using a C4
analytical column with a gradient of 25-55% MeCN (with 0.1% TFA) in 20 min. When the high equivalent VA-044 was present, only
the by-product 5' was obtained, while the equivalent VA-044 was reduced to 2.5 equiv, the desired desulfurized peptide 5 was
obtained as the major product.

A B
4

‘\ 4]10962.0

5|

40 eq VA-044,1h

5| 10930.0

30 eq VA-044,1h
5'
15eq VA-044,1h
5']10730.0
5
25eq VA-044,1h
8 10 12 14 16 18 20 22 24 10000 12500
Time/min Mass(Da)

Figure S19. (A) Analytical HPLC traces of the desulfurization of peptide 4 with different loadings of VA-044. (B) ESI-MS analysis of 5 with the observed mass
10930.0 Da, calcd 10930.6 Da (average isotopes); by-product 5’ with the observed mass 10730.0 Da (average isotopes).
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5.2.4 Effect of reaction time on the desulfurization of peptide 4

Acm—-S (SAcm), SeMob o SH
H
¢} 0 4

Desulfurization: 2.5 eq VA-044,
0.2 M TCEP, 5% t-BuSH, 37 °C,
15 min~1 h

Acm-S (SAcm), SeMob

o
S R sorF(76-120)
o 5

Acm-S (SAcm),

o
R R soiF(76-120)
0

Figure S20. Schematic representation for the desulfurization of peptide 4 with 2.5 equiv VA-044 in different reaction time.

The peptide 4 (0.137 pymol, 1.5 mg) was dissolved in 0.27 mL of buffer of 6 M Gdn-HCI and 0.2 M Na;HPO, with 0.2 M TCEP at
pH 6.5. Then, to the peptide solution was added t-BuSH (15 uL, v/v), and then 2.5 equiv of VA-044 (the stock solution 0.01 M, 15 pL)
was added to the peptide solution and divided into three portions. The each of the peptide solution was incubated at 37 °C for 1 h, 30
min and 15 min, respectively. Then, the mixture was followed by centrifugation and injection of the supernatant into HPLC using a C4

analytical column with a gradient of 25-55% MeCN (with 0.1% TFA) in 20 min. When the reaction time was 30 min, the best result of
the desulfurization was obtained.

5
A B
5I
4110962.0
(a) Desulfurization 1 h
5
5] 10930.0
(b) Desulfurization 30 min
5110730.0
12 16 20 24 28 10000 12500
Time/min Mass(Da)

Figure S21. (A) Analytical HPLC traces of desulfurization in 1 h, 30 min and 15 min. (B) ESI-MS analysis of 4 with the observed mass 10962.2 Da, calcd 10962.6

Da (average isotopes); 5 with the observed mass 10930.0 Da, calcd 10930.6 Da (average isotopes); by-product 5' with the observed mass 10730.0 Da (average
isotopes).
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5.2.5 Synthesis of fragment 5 by desulfurization (on a 3 umol scale)

Acm-S (SAcm), SeMob o SH
o) o 4

Desulfurization: 2.5 eq VA-044,
0.2 M TCEP, 5% t-BuSH, 37 °C, 30 min
(39.5% isolated yield )

Acm-S (SAcm), SeMob

o
0

5
, (70~80%)

Acm-S (SAcm),

(o]
HoN7a2 ” 75
o) (0]

Figure S22. Synthesis of fragment 5 by desulfurization.

5
(20~30%)

The peptide 4 (3 ymol, 1 equiv, 33 mg) was dissolved in 3.4 mL of ligation buffer of 6 M Gdn-HCIl and 0.2 M Na,HPO, with 0.2 M
TCEP at pH 6.5. Then, to the mixture was added t-BuSH (215 L, 5%, v/v), and an aqueous solution (0.75 mL) of 0.01 M VA-044 (2.5
equiv, 7.5 ymol), was incubated at 37 °C (the reaction was monitored by LC-MS). After the desulfurization was completed (30 min),
the product 5 and a small amount of Se(Mob) group unexpectedly removed by-product 5' were obtained, and the by-product 5'
increases with the reaction time. Then, the mixture was centrifuged (8000 rpm, 5 min, 4 °C), filtered and purified by preparative HPLC
at 25°C with a gradient of 25 to 55% MeCN (with 0.1% TFA) in 30 min to collect the desired fractions and immediately lyophilized,
affording the desired product 5 as a white amorphous powder (13 mg, 39.5% isolated yield). The purity and exact mass of the
product was confirmed using analytical HPLC and ESI-MS, respectively.

Note: In order to inhibit Se(Mob) group further removed, after the desulfurization was completed (30 min), the mixture can be
placed at 4 °C or ascorbic acid was added to quench the reaction. And the product needs to be purified in time.

4
(a) Desulfurization 0 h
5
5'
(b) Desulfurization 30 min
5
(c) Pure
) v I v ) ' ) v 1
15 20 25 30 35

Time/min

Figure S23. (A) Analytical HPLC traces of desulfurization, and the purified 5.
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Figure S24. (A) ESI-MS analysis of 5 with the observed mass 10930.0 Da, calcd 10930.6 Da (average isotopes) (B) ESI-MS analysis of by-product 5' with the
observed mass 10730.0 Da.
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5.3 Synthesis of fragment 6 by Acm and Mob deprotection

5.3.1 Removal of Acm and Mob using AgOAc method

Acm-S (SAcm), SeMob

N o B
[e] 5 Hs le}
(i)1% AgOAG, 50%ACOH/H,0, 50 °C, 1 h
(iiy DTT, 30 min
(1) Product (<15%) (2) The fragments were truncated in V’3-A7* (>85%)
Hs S Hs (SH)  SeH
HoN"22 I ”W HZNWCOOH L PNe SelF(74-134)
6 o 6' 6"
Calcd: 10596.4 Calcd: 3608.6 Calcd: 7001.7

R

C"ZCQEEAQFETKKLYAGAILEVCGUKLGRFPQVEA”AFVRSDKPKLF
RGLQIKYVRGSDPVLKLLDDNGNIAEELSILKWNTDSVEEFLSEKLERI

Figure S25. Removal of Acm and Mob using AOAc method.

The peptide 5 (0.1 ymol, 1.0 equiv, 1.09 mg) was dissolved in a 50% aqg. acetic acid (0.5 mL) containing 1% AgOAc, and the
mixture was stirred at 50 °C for 1 h in the dark. Then 15.4 mg DTT was added to the mixture, and the formed precipitate was
separated by centrifugation. The precipitate was repeatedly washed with 6 M Gdn-HCI solution and the combined supernatant (ca.
0.8 mL) was filtered and using a C4 analytical HPLC column with a gradient of 25-55% MeCN (with 0.1% TFA) in 30 min. The
reaction trace and exact mass of the peptide was confirmed using analytical HPLC and ESI-MS, respectively. We have found that
AgOAc method can simultaneously remove the Acm and Mob groups, but only have little product 6, most by-products were fragment
6' and fragment 6", which were truncated in the site of V73-A74.

A s B
6 10596.0
a)AgOAcOh J“
66" '
6"] 6998.0

6
b) AgOAc 1 h 6" 3607.0
LNJ-A ~rAA AJ

8 12 16 20 24 28 32 3000 6000 9000 12000
Time/min Mass(Da)

Figure S26. (A) Analytical HPLC traces of peptide 5 with AGOAc for 1 hour. (B) ESI-MS analysis of product 6 with the observed mass 10596.0 Da, calcd 10596.4
Da (average isotopes); the by-product 6' with the observed mass 3607.0 Da and the by-product 6" with the observed mass 6998.0 Da.
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5.3.2 Removal of Acm and Mob using PdCl> method

SelF(63-74) (S5): C(Acm)GU®%(Mob)KLGRF PQVQ-NHNH,
HS SeMob

oc, AN o
pack 3¢

)
0% B sec474 il
Acm—S. SeMob QL o] S6

HN83 CH R Z M NHNH,

- HS SeH
S5 (l) 20 Q
(i) Dy Paicy, > i
(i) Tesp 3;) min C 1 H,N 63 SelF(64-74) j NHNH,
* Sodjy, [e]
im SCorpy, s7
min

Figure S27. Schematic representation for the deprotection of peptide S5 with different loading of PdCl,.

The peptide S5 (1.7 ymol, 1.0 equiv, 2.7 mg) was dissolved in 0.25 mL of buffer of 6 M Gdn-HCI and 0.2 M Na,HPO, at pH 6.9
and divided into five portions. 112 mg of PdCl, dissolved in 1 mL of 6 M Gdn-HCI, 0.2 M Na,HPO,, pH 6.9 buffer and incubated at
37 °C for 15 min to assist dissolution. Then 15 equiv, 30 equiv, 45 equiv, 65 equiv, 95 equiv and 120 equiv of PdCl, solution®® were
added to the each of the peptide solution, which were incubated at 37 °C for 1 h. Progress of the reaction was monitored by taking
aliquot from the reaction mixture and treated with a small amount of DTT, followed by centrifugation. The precipitate was repeatedly
washed with 6 M Gdn-HCI solution and reduced by the addition of the buffer (6 M Gdn-HCI, 0.2 M Na;HPO,4, 50 mM TCEP, 0.2 M
sodium ascorbate, pH 6.5), incubated for 30 min. And then, the reaction traces and exact mass were confirmed using a C4 analytical
HPLC column with a gradient of 15-50% MeCN (with 0.1% TFA) in 30 min and ESI-MS, respectively. We have found that 15-95
equiv PdCl, method can only remove the Acm group to obtain S6, while the equivalent PdCl, was increased to 120 equiv, S7 was
obtained with Acm and Mob groups both removed. In all, 15 equiv PdCl; for one Acm group and 100 equiv PdCI; for one Mob group.
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Figure S28. (A) Analytical HPLC traces of peptide S5 with different loading of PdCl, for 1 h. (B) ESI-MS analysis of the Model peptide S5, the Acm removed
product S6 and both Acm and Mob groups removed product S7, respectively. S5: observed mass 1588.2 Da, calcd 1588.2 Da (average isotopes); S6: observed
mass 1516.8 Da, calcd 1516.7 Da (average isotopes); S7: observed mass 1396.0 Da, calcd 1396.5 Da (average isotopes). (C-D) Identification of the free
selenol/thiol form of S7 via comparison of the experimental and theoretical isotopic distributions of S7.
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5.3.3 Synthesis of fragment 6 by deprotection with PdCl, (on a 1 umol scale)

Acm-S (SAcm), SeMob o
H,oN7a2 ” 75
O 5
Acm/Mob deprotection:
(1)150 eq PdCl,, 37 °C. 2 h
(i) DTT, 30 min
(iii) TCEP, sodium ascorbate, 30 min
(31.9% isolated yield )
HS (SH), SeH

H,N"22

1, ey
oy R
H75

(0]

Figure S29. Schematic representation for the deprotection of fragment 5 with PdCl,.

The peptide 5 (1 ymol, 1.0 equiv, 10.9 mg) was dissolved in 1.5 mL of buffer of 6 M Gdn-HCI and 0.2 M Na;HPO, at pH 6.9.
PdCI; (150 equiv, 150 ymol, 26.6 mg) dissolved in 0.2 mL of 6 M Gdn-HCI, 0.2 M Na,HPO,, pH 6.9 buffer and incubated at 37 °C for
15 min and added to the peptide solution, which was incubated at 37 °C for 2 h. Then 231 mg DTT was added to the mixture, and the
formed precipitate was separated by centrifugation. Due to the extremely low redox potential of the selenol group, Sec containing
proteins can easily exist in the oxidized state such as Se—Se or Se—S dimers. To facilitate subsequent purification, the precipitate
was repeatedly washed with 6 M Gdn-HCI solution and the combined supernatant (ca. 5 mL), which was reduced by the addition of
100 pL buffer (6 M Gdn-HCI, 0.2 M Na,HPO,, 50 mM TCEP, 0.2 M sodium ascorbate, pH 6.5) and incubated for 30 min. The mixture
was filtered and purified by preparative HPLC at 25 °C with a gradient of 25 to 55% MeCN (with 0.1% TFA) in 30 min to collect the
desired fractions and immediately lyophilized, affording the desired product 6 powder (3.4 mg, 31.9% isolated yield). The purity and

exact mass of the product was confirmed using analytical HPLC and ESI-MS, respectively.

(a) 150 eq PdCl, 1 min

5

(b) 150 eq PdCl, 2 h

(c) pure
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Figure S30. Analytical HPLC traces of peptide 5 with PdCI, and the purified 6.
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Figure S31. ESI-MS analysis of the fragment 6, observed mass 10596.0 Da, calcd 10596.4 Da.
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5.4 Synthesis of SelF(Q74A) 8 by 2" ligation and protein folding (one-pot)

5.4.1 Synthesis of SelF(Q74A) 8 by 2 ligation and attempted sequential dialysis folding approach

FGAEFSSEAC RELGFSSNLL CSSCDLLGQF NLLQLDPDCR GC*?*CQEEAQFE TKKLYAGAIL EVCGUS°K
LGRF PQVAA’*FVRSD KPKLFRGLQI KYVRGSDPVL KLLDDNGNIA EELSILKWNT DSVEEFLSEK LERI'3*

SH SeH
(SH)4 o HS. (SH)2 o
+
H
o) o
6

1
2".NCL: 6 M Gdn+HCl, 0.2 M Na,HPO,, 50 mM MPAA,
5 mM TCEP, 0.1 M sodium ascorbate, pH 6.5, RT, 12 h

S. (S

(SH)s o R
WN B SciF(43-74) NW
N H
0o 7 o

Refolding: sequential dialysis

SelF(75-134)

8 SelF(Q74A)

Figure S32. Synthesis of the SelF(Q74A) 8 by native chemical ligation and attempted sequential dialysis folding approach.
A series of buffers were prepared as:

1) 6 M Gdn-HCI, 0.15 M NaCl, 20 mM Tris, 1 mM GSH, pH 8.5

II) 4 M Gdn-HCI, 0.15 M NaCl, 20 mM Tris, 1 mM GSH, pH 8.5

111) 2 M Gdn-HCI, 0.15 M NaCl, 20 mM Tris, 1 mM GSH, 0.1 mM GSSG, pH 8.5

1V) 0.15 M NaCl, 20 mM Tris, 1 mM GSH, 0.1 mM GSSG, pH 8.5

The peptide-thioester 1 (0.3 pmol, 2 equiv, 1.38 mg) and Cys-peptide 6 (0.15 pmol, 1 equiv, 1.57 mg) was dissolved in 75 pL of
the ligation buffer* (6 M Gdn-HCI, 0.2 M Na;HPO,4, 5 mM TCEP, 50 mM MPAA, 0.1 M sodium ascorbate, pH 6.5). The solution was
incubated at RT for 12 h (confirmed by LC-MS monitoring). The ligation reaction mixture was reduced by the addition of 45 pL buffer
(6 M Gdn-HCI, 0.2 M Na;HPO,4, 50 mM TCEP, 1 M sodium ascorbate, pH 6.5) and incubated for 15 min. The 120 uL of the ligation
mixture was exchanged into a 2 mL buffer containing 6 M Gdn-HCI, 0.15 M NaCl, 20 mM Tris 1 mM GSH, pH 8.5 (Amicon® Ultra-0.5
concentrator, 0.5 mL, 3 K MWCO, 10000 rpm, 4 °C, 3 times) and was added into a dialysis cassette. The dialysis cassette was
transferred to the subsequent renaturation buffers II-IV (1 L) sequentially ensuring a minimum of 12 hours under each condition.
Following the final renaturation, the sample was analysed by HPLC and ESI-MS, revealing no product related species.

MPAA

A) 1/6 B) C)
b
a)NCL 1 min
MPAA
1/6 15020.0 15017.0

14937.0

b)NCL12 h

i . T ; ; . 1 14000 14500 15000 15500 16000 14600 14800 15000 15200 15400
35 Mass (Da) Mass (Da)

Time/min
Figure S33. (A) Analytical HPLC traces of ligation and attempted refolding of SelF(Q74A) by sequential dialysis. The presence of thiolactones (indicated with *)
resulting from the thiol-exchange between the C-thioester and thiol side-chains in peptide 1. The peak # contains hydrolysis by-product of 1, unreacted peptide 6
and the misfolded by-products, etc. The peak + denotes a small amount of deselenized by-product. (B) Mass analysis of ligation reaction product 7, observed
mass 15020.0 Da, calcd 15020.4 Da (average isotopes). (C) Mass analysis of the misfolded by-product (corresponding to the peak #) (observed mass 15017.0
Da, calcd 15012.5 Da) and deselenized by-product (corresponding to the peak + in Fig. S33A-c) (observed mass 14937.0 Da).
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5.4.2 Synthesis of SelF(Q74A) 8 by 2 ligation and rapid dilution folding method
(1) Ligation followed by attempted rapid dilution folding method without arginine in the refolding buffer

FGAEFSSEAC RELGFSSNLL CSSCDLLGQF NLLQLDPDCR GC**CQEEAQFE TKKLYAGAIL EVCGU®SK
LGRF PQVAASFVRSD KPKLFRGLQI KYVRGSDPVL KLLDDNGNIA EELSILKWNT DSVEEFLSEK LERI'34
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2"9.NCL: 6 M Gdn-HCI, 0.2 M Na,HPO,, 50 mM MPAA,
5 mM TCEP, 0.1 M sodium ascorbate, pH 6.5, RT, 12 h
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Refolding: 0.2 M Tris, 0.1 M (NH4),SO;, 2 mM EDTA,
1 mM GSH, 0.2 mM GSSG, pH 8.2, 4°C, 12 h

SelF(75-134)

8 SelF(Q74A)

Figure S34. Synthesis of the SelF(Q74A) 8 by native chemical ligation and refolding.

The peptide-thioester 1 (0.3 ymol, 2 equiv, 1.38 mg) and Cys-peptide 6 (0.15 pmol, 1 equiv, 1.57 mg) was dissolved in 75 pL of
the ligation buffer* (6 M Gdn-HCI, 0.2 M Na;HPO4, 5 mM TCEP, 50 mM MPAA, 0.1 M sodium ascorbate, pH 6.5). The solution was
incubated at RT for 12 h (confirmed by LC-MS monitoring). The ligation reaction mixture was reduced by the addition of 45 pL buffer
(6 M Gdn-HCI, 0.2 M NazHPO,4, 50 mM TCEP, 1 M sodium ascorbate, pH 6.5) and incubated for 15 min. Then, the mixture was
exchanged into a 200 uL buffer containing 6 M Gdn-HCI, 0.2 M Na,HPO,, at pH 6 (Amicon® Ultra-0.5 concentrator, 0.5 mL, 3 K
MWCO, 11000 rpm, 4 °C, 3 times). The resulting ligation mixture (~200 yL) was added dropwise to a 5 mL refolding buffer (0.2 M
Tris, 0.1 M (NH,)2SO4, 2 mM EDTA, 0.2 mM GSSG, 1 mM GSH, pH 8.2) (final protein conc. was ~0.25 mg/mL) at 4 °C in 30 min, and
was stirred in a refrigerator at 4 °C for 12 h. The mixture was analysed by analytical HPLC and ESI-MS, revealing small amounts of
refolding products and deselenized by-product with poor refolding conversion.
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Figure S35. (A) Analytical HPLC traces of ligation and attempted refolding reaction of SelF(Q74A) 8 by rapid dilution. The presence of thiolactones (indicated with
*) resulting from the thiol-exchange between the C-thioester and thiol side-chains in peptide 1. The peak # contains the misfolded by-product and deselenized by-
product. The peak + denotes the deselenized by-product. (B) Mass analysis of ligation reaction product 7, deselenized and misfolded by-products (corresponding
to the peak # in Fig. S35A-d), deselenized by-product (corresponding to the peak + in the Fig. S35A-d) and the folded product 8, respectively. 7: observed mass
15020.0 Da, calcd 15020.4 Da (average isotopes); the deselenized by-product (corresponding to the peak # in Fig. S35A-d): observed mass 14937.0 Da; the
misfolded by-product (corresponding to the peak # in Fig. S35A-d): observed mass 15017.0 Da; the deselenized by-product (corresponding to the peak + in the
Fig. S35A-d): observed mass 14936.0 Da; the folded product SelF(Q74A) 8: observed mass 15013.0 Da, calcd 15012.5 Da.
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(2) Ligation followed by optimised rapid dilution folding method with argninie in the refolding buffer

FGAEFSSEAC RELGFSSNLL CSSCDLLGQF NLLQLDPDCR GC*?CQEEAQFE TKKLYAGAIL EVCGUS°K
LGRF PQVAA’*FVRSD KPKLFRGLQI KYVRGSDPVL KLLDDNGNIA EELSILKWNT DSVEEFLSEK LERI'*
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Refolding: 0.4 M Arg-HCI, 0.2 M Tris, 0.1 M (NH4),SO4,
2mM EDTA, 1 mM GSH, 0.2 mM GSSG, pH 8.2,4°C, 12h
(13.7% isolated yield over two steps )
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Figure S36. Synthesis of the SelF(Q74A) 8 by native chemical ligation and refolding.

The peptide-thioester 1 (0.9 ymol, 2 equiv, 4.13 mg) and Cys-peptide 6 (0.45 pmol, 1 equiv, 4.70 mg) was dissolved in 225 pL of
the ligation buffer* (6 M Gdn-HCI, 0.2 M Na;HPO4, 5 mM TCEP, 50 mM MPAA, 0.1 M sodium ascorbate, pH 6.5). The solution was
incubated at RT for 12 h (confirmed by LC-MS monitoring). The ligation reaction mixture was reduced by the addition of 75 uL buffer
(6 M Gdn-HCI, 0.2 M Na;HPO,4, 50 mM TCEP, 1 M sodium ascorbate, pH 6.5) and incubated for 15 min. Then, 300 uL of the ligation
mixture (in 100 pL portions) was exchanged into a 300 uL buffer containing 6 M Gdn-HCI, 0.2 M Na;HPO,, 0.1 M sodium ascorbate
at pH 6 (Amicon® Ultra-0.5 concentrator, 0.5 mL, 3 K MWCO, 11000 rpm, 4 °C, 2 times). Then, the mixture (in 100 uL portions) was
exchanged into a 300 pL buffer containing 6 M Gdn-HCI, 0.2 M Na;HPO,, at pH 6 (Amicon® Ultra-0.5 concentrator, 0.5 mL, 3 K
MWCO, 11000 rpm, 4 °C, 3 times).The resulting ligation mixture (~500 uL) was added dropwise to a 15 mL refolding buffer (0.4 M
Arg-HCI, 0.2 M Tris, 0.1 M (NH4)2SO4, 2 mM EDTA, 0.2 mM GSSG, 1 mM GSH, pH 8.2) (final protein conc. was ~0.25 mg/mL) at
4 °C in 30 min, and was stirred in a refrigerator at 4 °C for 12 h. The mixture was centrifuged (8000 rpm, 5 min, 4 °C), filtered and
purified by semi-preparative HPLC with a two-step gradient: 10 to 30% MeCN in 5 min, then 30 to 55% MeCN (with 0.1% TFA) in 30
min to collect the desired fractions and lyophilized, and the desired folded protein SelF(Q74A) (8) powder (0.92 mg, 13.7% isolated
yield over two steps) was obtained. The purity and exact mass of the SelF(Q74A) 8 was confirmed using analytical HPLC and ESI-
MS, respectively.

Inductively coupled plasma mass spectrometry (ICP-MS) experiment for detection of Pd content: 0.2 mg of purified SelF(Q74A) 8
were dissolved in 3 mL of HCI/HNO3 (3:1) for overnight and evaporate at 130 °C for 1.5 h. The resulting mixture was dissolved in 2%
nitric acid. Protein solutions and a series of concentrations of Pd standard (0.5, 1, 2, 5, 10 and 20 ppb) were subjected to ICP-MS
experiment in an iCAP RQ ICP-MS (Thermo Scientific). Plots and calibration curve fits were made with Origin. The detected value of
243289 corresponds to an average amount of Pd content of 0.061% in the protein.
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Figure S37. Analytical HPLC traces of ligation and optimised refolding reaction of SelF(Q74A) 8. The presence of thiolactones (indicated with *) resulting from the
thiol-exchange between the C-thioester and thiol side-chains in peptide 1. The peak # contains hydrolysis by-product of 1, unreacted peptide 6 and the misfolded
by-products, etc. The peak + denotes a small amount of deselenized by-product.
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Figure S38. (A) Mass analysis of ligation reaction product 7 and its folded protein 8, respectively. 7: observed mass 15020.0 Da, calcd 15020.4 Da (average
isotopes); 8: observed mass 15013.0 Da, calcd 15012.5 Da (average isotopes). (B) Analytical SDS-PAGE analysis of the ligation reaction. (C) The calibration
curve derived from the ICP-MS analysis of Pd standard solutions.
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6 Synthesis of the Trx-like domain SelF(63-134)(Q74A) 9

6.1 Synthesis of SelF(63—74) thioester fragment S9

Acm-S SeMob SeMob
._2 CHTryCl FmocSEES )OJ\ 2.5 eq acac Aom=8 [ o COOH
—— H,N63 NHNH, m, )LS
) 3 pH3.0,RT, 10 h HoN"63
2-CI-(Trt)-Cl resin s8 ) s9

Figure S39. Synthesis of SelF (63-74) thioester S9.

SelF(63-74)-NHNH; (S8) was synthesized on 2-CI-(Trt)-Cl resin (theoretical loading: 0.9 mmol/g) Fmoc-Ala-OH with 0.4 mmol/g
loading and elongated according to standard Fmoc-SPPS protocols to afford resin-bound peptide. The peptide was cleaved using
TFA/H,O/DODT (95:2.5:2.5 v/viv) (2-3 mL per 100 mg of resin) for 1.5 h at 4 °C. After filtration, the filtrate was concentrated by
blowing with a gentle flow of N, about 30 min at 4 °C. Add the precooled diethyl ether to precipitate crude peptides. The resulted
suspension was centrifuged (8000 rpm, 5 min, 4 °C), and the ether layer was decanted. Air-dry the peptide product in the open
centrifuge tube for about 30 min to acquire the crude peptide SelF(63—74)-NHNH, (S8).

The crude peptide S8 (80 mg, assumed 100% purity) was dissolved to 40 mg/mL in 6 M Gdn-HCI, 0.2 M Na;HPO,, pH 3.0, with
10 equiv MPAA, 2.5 equiv acac (from a 0.1 M stock in water) were added to the mixture, and the reaction mixture was stirred for 10 h
to form thioester fragment SelF(63-74)-SR (S9). The mixture was centrifuged (8000 rpm, 5 min, 4 °C), filtered and purified by
preparative HPLC at 25 °C with a gradient of 15 to 50% MeCN (with 0.1% TFA) in 25 min to obtain 16 mg of segment S9 (0.4 g resin;
20%). The purity and exact mass of the peptide was confirmed using analytical HPLC and ESI-MS, respectively.
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Figure S40. (A) Analytical HPLC traces of crude SelF(63-74)-NHNH, S8 and purified SelF(63-74) thioester S9. (B) ESI-MS analysis of the fragment S9,
observed mass 1667.2 Da, calcd 1666.7 Da (average isotopes).
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6.2 Synthesis of fragment S10 by NCL

C7FVRSD KPKLFRGLQI KYVRGSDPVLKLLDDNGNIAEELSILKWNTDS
VEEFLSEK LERI'34

! R- av !
3 ' Acm—-S. ?eMob O HS
‘ (P | HZN)“\'( PN g ScIF(76-134)
COOH;
: o 3
Aem- g NCL: 6 M Gdn+HCI, 0.2 M Na,HPO,,
‘ ;,;\NJJ\: 20 mM MPAA, 10 mM TCEP, pH 6.5, RT,
' : 1 h (57.2% isolated yield )
! Mob- 3 Acm—S SeMob
: : SelF(76-134) |
i ' H;N"63
: OCH3! o
L o 810

Figure S41. Synthesis of the fragment S10 by native chemical ligation.

The peptide-thioester S9 (3.3 umol, 2 equiv, 5.5 mg) and Cys-peptide 3 (1.66 umol, 1 equiv, 11.6 mg) was dissolved in 0.8 mL of
ligation buffer of 6 M Gdn-HCl and 0.2 M Na,HPO,4 with 10 mM TCEP and 20 mM MPAA at pH 6.5. The solution was incubated at RT
for 1 h (confirmed by LC-MS monitoring). Then, to the ligation reaction mixture was added 5 equiv TCEP to reduce at RT for 15 min.
Then, the mixture was centrifuged (8000 rpm, 5 min, 4 °C), filtered and purified by preparative HPLC at 25 °C with a gradient of 25 to
55% MeCN (with 0.1% TFA) in 30 min to collect the desired fractions and immediately lyophilized, affording the desired product S10
as a white amorphous powder (8 mg, 57.2% isolated yield). The purity and exact mass of the product was confirmed using analytical
HPLC and ESI-MS, respectively.
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Figure S42. Analytical HPLC traces (25 to 55% MeCN (with 0.1% TFA) in 30 min, A = 214 nm) of NCL and the purified S10.
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Figure S43. ESI-MS analysis of S10 with the observed mass 8465.0 Da, calcd 8465.4 Da (average isotopes).
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6.3 Synthesis of fragment S11 by desulfurization

Acm-S ?eMOb i SH
Hzstz\n/ N7 SelF(76-134) |
° s10 °

0.2 M TCEP, 5% t-BuSH, 37 °C, 30 min

Desulfurization: 2.5 eq VA-044,
(41.5% isolated yield )
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Figure S44. Synthesis of fragment S11 by desulfurization.

The peptide S10 (0.95 ymol, 1 equiv, 8 mg) was dissolved in 1.19 mL of ligation buffer of 6 M Gdn-HCI and 0.2 M Na,HPO, with
0.2 M TCEP at pH 6.5. Then, to the mixture was added t-BuSH (75 uL, 5%, v/v), and an aqueous solution (238 pL) of 0.01 M VA-044
(2.5 equiv, 2.38 pmol), was incubated at 37 °C (the reaction was monitored by LC-MS). After the desulfurization was completed (30
min), the product S11 and a small amount of Se(Mob) group unexpectedly removed by-products S11' (mass data not shown) were
obtained. Then, the mixture was centrifuged (8000 rpm, 5 min, 4 °C), filtered and purified by preparative HPLC at 25°C with a
gradient of 25 to 55% MeCN (with 0.1% TFA) in 30 min to collect the desired fractions and immediately lyophilized, affording the
desired product S11 as a white amorphous powder (3.32 mg, 41.5% isolated yield). The purity and exact mass of the product was
confirmed using analytical HPLC and ESI-MS, respectively.
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Figure S45. Analytical HPLC traces of desulfurization, and the purified S11.
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Figure S46. ESI-MS analysis of S11 with the observed mass 8433.0 Da, calcd 8433.6 Da (average isotopes).
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6.4 Synthesis of SelF(63—-134)(Q74A) domain 9 by deprotection and folding (one-pot)
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(i) Acm/Mob deprotection:

120 eq PdCly, 37°C, 2 h; DTT, 30 min

(ii) Refolding: 0.4 M Arg-HCI, 0.2 M Tris,
0.1 M (NH4),SO4 2 mM EDTA, 1 mM GSH,
0.2mM GSSG, pH 8.2,4°C, 12 h

(10.7% isolated yield over two steps )
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Figure S47. Schematic representation for the deprotection of fragment 9 with PdCl, and refolding.

The peptide S11 (0.39 ymol, 1.0 equiv, 3.3 mg) was dissolved in 0.2 mL of buffer of 6 M Gdn-HCI and 0.2 M Na,HPO, at pH 6.9.
PdCI; (120 equiv, 47 ymol, 8.33 mg) dissolved in 0.4 mL of 6 M Gdn-HCI, 0.2 M Na;HPO,, pH 6.9 buffer and incubated at 37 °C for
15 min and added to the peptide solution, which was incubated at 37 °C for 2 h. Then 72 mg DTT was added to the mixture for 30
min, and the formed precipitate was separated by centrifugation. The precipitate was repeatedly washed with 6 M Gdn-HCI solution
and the combined supernatant (ca. 2.5 mL), which was reduced by the addition of 50 yL buffer (6 M Gdn-HCI, 0.2 M Na;HPO,, 50
mM TCEP, 0.2 M sodium ascorbate, pH 6.5) and incubated for 30 min. Then, the mixture (in 500 pL portions) was exchanged into a
500 pL buffer containing 6 M Gdn-HCI, 0.2 M Na,HPO,, 0.1 M sodium ascorbate at pH 6 (Amicon® Ultra-0.5 concentrator, 0.5 ml, 3 K
MWCO, 11000 rpm, 4 °C, 2 times). Then, the mixture was exchanged into a 500 pL buffer containing 6 M Gdn-HCI, 0.2 M Na,HPO,,
at pH 6 (Amicon® Ultra-0.5 concentrator, 0.5 mL, 3 K MWCO, 11000 rpm, 4 °C, 4 times).The resulting mixture (~500 pL) was added
dropwise to a 10 mL refolding buffer (0.4 M Arg-HCI, 0.2 M Tris, 0.1 M (NH4).SO4, 2 mM EDTA, 0.2 mM GSSG, 1 mM GSH, pH 8.2)
(final protein conc. was ~0.3 mg/mL) at 4 °C in 30 min, and was stirred in a refrigerator at 4 °C for 12 h. The mixture was centrifuged
(8000 rpm, 5 min, 4 °C), filtered and purified by semi-preparative HPLC with a two-step gradient: 10 to 30% MeCN in 5 min, then 30
to 55% MeCN (with 0.1% TFA) in 30 min to collect the desired fractions and lyophilized, and the desired folded protein SelF(63—-134)
(Q74A) (9) powder (0.35 mg, 10.7% isolated yield over two steps) was obtained. The purity and exact mass of the product was
confirmed using analytical HPLC and ESI-MS, respectively.

ICP-MS experiment for detection of Pd content was repeated and the detected value of 272320 corresponds to an average
amount of Pd content of 0.092% in the protein 9.
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Figure S48. Analytical HPLC traces of the treatment of peptide S11 with PdCl, affording the Acm/Mob groups removed product S12 (a), the refolding process at
30 min (b) and 12 h (c), and the purified product 9 (d). The peak # denotes unidentified (misfolded) by-product and * denotes the dimer by-product.
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Figure S49. (A) ESI-MS analysis of Acm/Mob groups removed product S12 with observed mass 8240.6 Da, calcd 8241.3 Da (average isotopes). (B) ESI-MS
analysis of the folded protein 9 with observed mass 8239.1 Da, calcd 8239.3 Da (average isotopes). (C) MALDI-TOF analysis of the dimer by-product
(corresponding to the peak * in Fig. S48), with an observed mass of 16487.2 Da.
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7 Synthesis of SelF(U65C/Q74A) 10 and SelF(U65C) 11

The Cys analogues, SelF(U65C/Q74A) (10) and SelF(U65C) (11) were prepared according to the previous work?".

A 15 14134- 12+ 11+ 10+ 9+
+

Obsd: 14967.6

10
Calcd: 14968.2
m/z
900 1200 1500 1800
11
' 1

B

14+
Obsd: 15025.0 |43,
Calcd: 15025.2

15+

10+

12+ 11+ 9+

16+
17+\

L m/z
900 1200 1500 1800

1 v 1 v 1 ' I ' 1
10 15 20 25 30 35
Time/min

Figure S50. (A) HPLC and ESI-MS analysis of SelF(U65C/Q74A) (10). (B) HPLC and ESI-MS analysis of SelF(U65C) (11).
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8 Circular dichroism (CD)

The secondary structure content of the synthetic SelF(Q74A) (8) and SelF(63-134)(Q74A) (9) using far-UV CD spectroscopy (200
to 260 nm). Spectra were recorded on a Chirascan™-Plus Circular Dichroism Spectrometer (Applied Photophysics Ltd, U.K.), using a
quartz cuvette with a path length of 0.1 cm, and obtained by averaging 3 wavelength scans in 1 nm steps, with a signal averaging
time of 1 s and a bandwidth of 1 nm. Each purified protein was dissolved separately in NH,HCO; buffer. Measuring conditions:
SelF(Q74A) (8) conc.: ~30 puM; SelF(63-134) (Q74A) (9) conc.: ~15 uM; Buffer: 100 mM NH4HCO3, pH 8.
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Figure S51. (A) CD spectra of the synthetic SelF(Q74A) (8) (B) CD spectra of the SelF(63—-134)(Q74A) (9).

9 Enzyme digestion

SelF(Q74A) (8) was dissolved in a solution of 25 mM NH4HCO3 (1 mg/mL, 100 pL). Trypsin (0.5 mg/mL, 10 pL) was firstly added
to the mixture to digest the protein. The reaction was carried out at 37 °C for 2 h. Next, chymotrypsin (0.16 mg/mL, 11 pL) was added
to the reaction mixture for further digestion. The reaction was carried out at 30 °C for 2 h. Finally, the enzymatic reaction was
analysed by LC-MS. As shown in Figure S52, following trypsin and chymotrypsin treatment of the protein SelF(Q74A), 8, a peptide
fragment bearing the Cys63—-Sec65 selenenylsulfide bond can be clearly observed mass 1108.5 Da (calcd mass 1108.5 Da); another
peptide fragment containing Cys21-Cys24 can be clearly observed mass 1583.3 Da (calcd mass 1583.7 Da), which agrees well with
the reported structure of a mutant protein—SelF(U65C) (11).** Based on the previous work on mutant research,?* we infer the
remaining the other two disulfide bonds were established as Cys10—-Cys43 and Cys39-Cys42, respectively.
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Figure S52. LC-MS analysis of the trypsin and chymotrypsin digest of SelF(Q74A) (8).
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10 Measurements of protein reduction potential determined by analytic HPLC

10.1 Measurements of SelF(U65C) reduction potential determined by analytic HPLC

The fully oxidized protein SelF(U65C) (20 pg) was dissolved in a buffer (0.5 mL, 100 mM NH4sHCO3, 1 mM EDTA, pH 7.0) with
different ratios of GSH/GSSG?* % ((a) 20 mM GSH/0.1 mM GSSG; (b) 10 mM GSH/0.1 mM GSSG; (c) 10 mM GSH/0.2 mM GSSG;
(d) 10 mM GSH/0.4 mM GSSG,; (e) 10 mM GSH/0.5 mM GSSG; (f) 10 mM GSH/1ImM GSSG; (g) 20 mM GSH/4 mM GSSG,; (h) 10
mM GSH/2.5 mM GSSG; (i) 5 mM GSH/10 mM GSSG; (j) 10 mM GSH/10 mM GSSG); (k) 0.5 mM GSH/10 mM GSSG,; (I) 20 mM
GSSG, respectively). The GSH/GSSG ratio was used to poise the reduction potential of the buffer. The protein solutions were
degassed to prevent excessive oxidation. The samples were incubated at 25 °C for 15 h to ensure full equilibration. The equilibrated
reaction mixtures were quenched by adding 10 pyL of 20% TFA and mixed immediately. The quenched reaction mixture was then
spun for 10 min at 8000 rpm. The supernatant was injected into analytical HPLC (C4 column) using a gradient of 30-55% MeCN (with
0.1% TFA) in 30 min. The percentage of reduced and oxidized protein was determined by integrating the relevant peak area.

The reaction of SelF(U65C) with the GSSG/GSH redox pair (Reaction 1) and the corresponding equilibrium constant (Keq) are
given in Reaction I:

IF + 4GSSG ~—~
SelF(U65C),eq SelF(U65C)ox + BGSH oo o)

8
K,, = [SEIF(U65C)o][GSH] /[

SelF(U65C),cq][GSSG]*  (EO-D)

The reduction potential of SelF(U65C) at pH 7.0 and 25°C [E o(SelF(U65C))] was then calculated from the Nernst equation (Eq.2):

E§(SelF(U65C)) = Ej(GSH/GSSG) — - X In(keg)  (EQ.2)

Where Eo(GSH/GSSG) = -240 mV (pH 7.0 and 25 °C), R is the gas constant (8.315 J-K™-mol™), T is the absolute temperature
(298 K), n is the number of electrons transferred in the reaction (n = 8), and F is the Faraday constant (9.649x10* C-mol™). Plots and
curve fits were made with Origin.
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Figure S53. Analytical HPLC traces of the SelF(U65C) following incubation in various redox buffers. Each panel shows the reduced and oxidized protein. The
calculated redox potential of SelF(U65C) under each condition: (a) =274 mV, (b) -253 mV, (c) -243 mV, (d) -230 mV, (e) -225 mV, (f) -214 mV, (g) -211 mV, (h) -
197 mV, (i) -160 mV, (j) -118 mV, (k) -99 mV, respectively.
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Figure S54. Determination of reduction potentials of SelF(U65C) in GSH/GSSG redox buffers and its reduction potential of 205 mV.
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10.2 Measurements of SelF(Q74A) reduction potential determined by analytic HPLC

The fully oxidized protein SelF(Q74A) (20 ug) was dissolved in a buffer (0.5 mL, 100 mM NH,HCO3, 1 mM EDTA, pH 7.0) with
different ratios of GSH/GSSG?* % ( (a) 10 mM GSH/0.01 mM GSSG; (b) 20 mM GSH/0.1 mM GSSG; (c) 20 mM GSH/0.2 mM GSSG;
(d) 10 mM GSH/0.1 mM GSSG; (e) 10 mM GSH/0.15 mM GSSG; (f) 10 mM GSH/0.2 mM GSSG; (g) 10 mM GSH/0.3 mM GSSG; (h)
10 mM GSH/0.5 mM GSSG,; (i) 10 mM GSH/0.9 mM GSSG,; (j) 10 mM GSH/2 mM GSSG; (k) 10 mM GSH/10 mM GSSG; (I) 5 mM
GSH/10 mM GSSG, respectively. The GSH/GSSG ratio was used to poise the reduction potential of the buffer. The protein solutions
were degassed to prevent excessive oxidation. The samples were incubated at 25 °C for 15 h to ensure full equilibration. The
equilibrated reaction mixtures were quenched by adding 10 pL of 20% TFA were mixed immediately. The quenched reaction mixture
was then spun for 10 min at 8000 rpm. The supernatant was injected into analytical HPLC (C4 column) using a gradient of 30-55%
MeCN (with 0.1% TFA) in 30 min. The percentage of reduced and oxidized protein was determined by integrating the relevant peak
area.

The reaction of SelF(Q74A) with the GSSG/GSH redox pair (Reaction Il) and the corresponding equilibrium constant (Keq) are
given in Reaction Il:
-~ IF(Q74A
SelF(Q74A)q+ 4GSSG SelF(Q74A)o« + 8GSH (Reaction Il)

K, = [SCIF(Q74A) o2 [GSH]® /[

SelF(Q74A),q][GSSG1*  (EGS)

The reduction potential of SelF(Q74A) at pH 7.0 and 25°C [E (SelF(Q74A))] was then calculated from the Nernst equation (Eq.4):

E§(SelF (Q74A)) = Ey(GSH/GSSG) — =X In(keg)  (EQ.4)

Where Eq(GSH/GSSG) = =240 mV (pH 7.0 and 25 °C), R is the gas constant (8.315 J-K™>-mol™), T is the absolute temperature
(298 K), n is the number of electrons transferred in the reaction (n = 8), and F is the Faraday constant (9.649x10* C-mol™). Plots and
curve fits were made with Origin.

37



SelF(Q744),,,

(b) (c)

20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
Time/min Time/min Timelmin
(d) (e) ]
20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
Time/min Time/min Time/min
(@) (h) 0}
20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
Time/min Time/min Time/min

SelF(QT4A)

() (k)

20 25 30 35 40 20 25 30 35 40 20 25 30 35 40

Time/min Time/min Time/min

Figure S55. Analytical HPLC traces of the SelF(Q74A) following incubation in various redox buffers. Each panel shows the reduced and oxidized protein. The
calculated redox potential of SelF(Q74A) under each condition: (a) -284 mV, (b) -269 mV, (c) -260 mV, (d) -249 mV, (e) -241 mV, (f) -233 mV, (@) -226 mV, (h) -
219 mV, (i) -210 mV, (j) -197 mV, (k) -174 mV, (1) -157 mV, respectively.
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Figure S56. Determination of reduction potentials of SelF(Q74A) in GSH/GSSG redox buffers and its reduction potential of =222 mV.
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11 Turbidimetric assay of insulin disulfide reduction

S S S S HO
HO gy S s
- [catalyst] - $
sH + Insulin b Aut. U Insulin + 10
HO

Figure S57. Protein catalysed reduction of insulin by DTT.

The follow stock solutions were prepared freshly before use in the dissolving buffer (0.1 M Na;HPO,4, 0.1 M NH4HCO3, 2 mM
EDTA, pH 7.0): Bovine insulin, 1.5 mg/mL; DTT, 100 mM; Catalyst protein of SelF(Q74A) (8), SelF(63-134)(Q74A) (9),
SelF(UB5C/Q74A) (10) or SelF(U65C) (11), 10 mM. For the assay, 300 pL of insulin and 120 pL of catalyst protein were mixed in a
cuvette, and the dissolving buffer was added to afford a total volume of 600 uL. The reaction was initiated by the addition of DTT (2
uL), after thorough mixing, the absorbance at 650 nm was measured every 0.5 min. Generally, no further mixing of the cuvettes was
done during the assay over 80 minutes. In all experiments, the nonenzymatic reduction of insulin by DTT was recorded in a control
cuvette without catalyst protein.* %

1.4 =—Blank

—— SelF(U65C/Q74A)
e 1.2 = SelF(U65C)

c = SelF(63-134)(Q74A)
Q 1.0 ——selF(Q74A)

Kobs=0.005
Kobs=0.008
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Figure S58. Spectroscopic analysis of the reductase activity assays. The ability of SelF proteins to reduce insulin’s intermolecular disulfide bond is monitored by
recording the increasing turbidity caused by insulin’s chain B aggregation. The reaction mixture includes insulin and DTT. The reaction was recorded with 2 yM of
SelF(Q74A), SelF(63-134)(Q74A), SelF(U65C/Q74A), SelF(U65C) and without additional enzymes.

To probe the effect of the concentration on the reductase activity, the above experiments were repeated and compared in the
presence of 1, 2 and 4 uM SelF.

Absorbance at 650 nm
o
(@)]

Kobs=0.021

Time/min

Figure S59. Spectroscopic analysis of the reductase activity assays with different concentrations of SelF(Q74A). The reaction mixture includes insulin and DTT.
The reaction was recorded with 4 yM, 2 uM and 1 uM SelF(Q74A), and without additional enzymes.
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12 Disulfide isomerase activity assays

12.1 Preparation of scrambled RNase A

The following procedure was modified from literature.?” Scrambled RNase A was prepared by incubating RNase A with an
equimolar amount of DTT (2 equiv) for 36 h under anaerobic conditions in 100 mM Tris, 0.3 mM EDTA and 6 M Gdn-HCI, pH 8.0.
This solution was then opened to air and stirred in the dark at room temperature until fewer than 0.1 thiol per RNase A molecule
remained and the concentration of sulfhydryl groups was determined using DTNB. The protein was exchanged into a solution of 50
mM NHsHCOs3, 1 mM EDTA, pH 7.5 (Amicon® Ultra-0.5 concentrator, 15 mL, 3 K MWCO, 11000 rpm, 4 °C, 5 times). Scrambled
RNase A was stored at —20 °C until it was used. Analytical HPLC (C4 column) trace of reduced and misfolded RNase A with a
gradient of 20-55% MeCN (with 0.1% TFA) in 30 min.

A RNase A-fold

R

A Reduce (DTT)
_~_/N/L Misfolding 1 d
_’_—J\P‘k Misfolding 2 d

Misfolding 3 d

S
__—/‘/\_\- Misfolding 5 d
) T T T T T T T 1
15 20 25 30 35

Time/min

Figure S60. Analytical HPLC traces of the reduced and misfolded RNase A (the folded RNase A was marked N; reduced RNase A was marked R; scrambled
RNase A was marked S).

12.2 Refolding of scrambled RNase A assays with SelF(Q74A) or SelF(U65C)

Y

[catalyst] I o ’
GSH [ N

RNase A (scrambled) RNase A (folded)

Figure S61. Protein catalysed refolding of scrambled RNase A.

The following procedure was modified from literature.?® The buffer solution (0.1 M NH,HCOs, 1 mM EDTA, pH 7.5) deoxygenated
by bubbling nitrogen gas for 0.5 h was used for preparation of all mixture solution. The concentration of scrambled RNase A (S)
solution was determined by UV absorbance at 280 nm using the molar extinction coefficient (g2s0 = 8600 M™*.cm™), and the
concentration was adjusted to 75 pyM with the buffer solution at pH 7.5. The resulting scrambled RNase A solution (400 pL) was
mixed with SelF(Q74A), SelF(U65C) (50 pL of 60 uM stock solution) or no catalyst protein (blank), and a buffer solution (0.1 M
NH4sHCO3, 1 mM EDTA, pH 7.5) was added to give a final volume of 500 pL. The SS-reshuffling reaction was then initiated by the
addition of 4 yL GSH (100 mM). The sample solution was incubated in 25.0 °C for 2 h, respectively, and analysed by HPLC (C4
column) with a gradient of 20-45% MeCN (with 0.1% TFA) in 50 min.
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Figure S62. Isomerase activity assay via the refolding of the scrambled RNase A as followed by analytical HPLC. [RNase A] = 60 pM; [GSH] = 1 mM,; [catalyst] =
7.5 uM.
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