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A new fluorogenic substrate Ub-ACC (ubiquitin Crtémnal 7-amino-4-carbamoylmethyl-

coumarin) was developed for DUB (deubiquitinatimgyame) activity assays. This substrate
can be synthesized with higher efficiency than tiassical DUB substrate, Ub-AMC

(ubiquitin C-terminal 7-amino-4-methylcoumarin). Blassays using UCH-L3, OTUD2 and
USP30 demonstrated that Ub-ACC shows nearly 2Higter sensitivity than Ub-AMC.
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1. Introduction

As a prevalent posttranslational modification irkayotic cells,
ubiquitination regulates the architecture, locaow stability of
many proteins to maintain the homeostasis of osyasi
Ubiquitination involves a covalent isopeptide bofidkage
between the C-terminal carboxyl group of one ukigufUb)
and a lysine side-chain/N-terminal amino grouph® substrate
protein or another Ub.The reversible ubiquitination process is
controlled by “Ub code writers”, i.e. stepwise agtiUb ligases
(E1, E2 and E3) and “Ub code erasers”, i.e. dedtiiing
enzymes (DUBsj. DUBs are classified into five classes
including the JAMM domain superfamily metalloprageaand
four families of cysteine proteasé®ysregulated DUBs are
implicated in many disease-related cellular proeg$although
more than 100 human DUBs have been found, subshrade
linkage specificities of many DUBs remain elusiviem study
these versatile DUBSs, it is necessary to develgp-tiiroughput
and sensitive enzyme assays. Current biochemicsdyasof
DUB use either activity-based Ub/DiUb suicide prgber
artificial Ub/Ub-peptide/DiUb substratésontaining reporting
groups which can provide fluorogenicity luminescende
fluorescence polarizatiSnor FRET read-outé upon DUB
treatment.

Ub[1-76]-thioester. Direct aminolysis with excessniao-
functionalized fluorophore could generate the dekir
fluorescence-quenched substrates. However thisauethffers
from significant hydrolysis and low yield. Recentlyu group
reported a new semisynthetic strategy towards UbcAthrough
auxiliary-mediatetf hydrazide-baséd native chemical ligation
(NCL)** between the Ub[1-75]-hydrazide and the AMC-
auxiliary conjugaté® The main drawbacks of this method are
the relatively low expression yield of Ub[1-75]@m and
tedious synthesis of the fluorophore derivativeteilatively,
Ub-AMC can also be generated through total chemical
synthesi&*®with good efficiency as reported by OVand Liu
groupg®. To further streamline these total synthetic prots,
we proposed to reduce in-solution operations. Qam s to first
anchor the AMC fluorophore on solid-phase and therform
automatic solid-phase peptide synthesis (SPPS) cadihary
NCL (Scheme 1).

Herein, we report the design and synthesis of a mew
vitrofluorogenic substrate, Ub-ACC (ubiquitin C-termin@t
amino-4-carbamoylmethyl-coumarin), for DUB activigssays
(Scheme 1). Importantly, the streamlined synthstiategy for
Ub-ACC (1.5-gram scale) is cost-effective and rapuwghich
holds promise for further scaling-up. Furthermonepur DUB
assays using UCH-L3, OTUD2 and USP30, syntheticAQit>

Among the DUB assay reagents, fluorogenicUb-AMCShows about 2-fold higher sensitivity than Ub-AMKhis allows

(ubiquitin C-terminal 7-amino-4-methylcoumarif)and Ub-
Rhodaminé have been extensively used in activity profiliffg o
different DUBs and inhibition screening of compouitttaries
in a high-throughput manner. Earlier methods tgoare these
compounds usually relied on intein technoltgy express the

lower consumption of both enzyme and Ub-ACC whicakes
the new fluorogenic molecule favorable for appli@as in high-
throughput screening of DUB inhibitors.
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Scheme 1 Synthetic strategy of Ub-ACC.

2. Results and discussion

To make the preparation of fluorogenic DUB substratese
general and efficient, we aimed to employ the AMCOwdgive as

With Fmoc-ACC-OH in hand, we initiated SPPS of Ub{4
76*C.ACC conjugate and Ub[1-45] hydrazide for the
following NCL. Fmoc-ACC-OH was anchored onto thdidso
phase resin and routine peptide elongation wasuziad. Both
segments were prepared using automatic microwasistad
high-temperature SPPS starting from Fmoc-hydrazibe
chlorotrityl chloride resif? or Fmoc Rink amide resin and
characterized by analytical high performance liquid
chromatography (HPLC) and electrospray ionizatiorassn
spectrometry (ESI-MS) (Fig. 1 and Fig. S6). Ub[]-Wgdrazide
was pre-converted into UDb[1-45]-MESNa (sodium 2-
sulfanylethanesulfonate) peptide thioester. Next[1k45]-
MESNa (3 mM) was reacted with N-terminal cysteine
functionalized peptide, Ub[46-78f°-ACC (3 mM), in the
aqueous ligation buffer (6 M Guanidine hydrochlerid.1 M
Na,HPQO,, 150 mM 4-mercapto-phenylacetic acid (MPAA), pH
6.57° at room temperature. The reaction was monitored by
analytical HPLC. Almost quantitative conversion wasserved
when the ligation was carried out for 2 hr (Fig- Zhe ligated
product Ub[1-76}*°-ACC (8.8 mg, 63% isolated yield) was
then purified and treated with the desulfurizatlouffer (6 M

a building block during SPPS to avoid additionas8PPS and Guanidine hydrochloride, 0.1 M B4PG,, 25 mM VA-044, 100

post-NCL operations. Inspired by an elegant reppiEllman and

mM 2-methyl-2-propanethiol, 250 mM tris(2-

Craik'’® who used a bifunctional fluorescent compound ACC incarboxyethyl)phosphine (TCEP), pH 6.9) at®&7for 12 hr. Ub-

place of AMC for the generation of combinatorial ditagenic

substrate librarié§ we expected equally facile synthesis of U
ACC to replace the classical Ub-AMC. By using a slight
modified documented protocdl we synthesized Fmoc-ACC-OH

on a 1.5-gram scale (Scheme 2) which is suitabléfbrmmol-
scale Fmoc SPPS. Note that large-scale preparatiothi®
compound has been achieved (up to 30-gram finatluymty®,
which makes it potentially available commercially.
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Scheme 2 Synthesis of Fmoc-ACC-OH.
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Fig. 1 Automatic microwave-assisted high-temperature SefP
Ub[46-76T**¢“-ACC. HPLC traces and ESI-MS (observed:

3700.8 + 0.2 Da; calculated: 3701.1 Da) of Ub[44*#&-ACC
are shown.

ACC was purified through semi-preparative HPLC (5§, 61%

b- isolated yield). Meanwhile, we examined a one-pgatlon-

desulfurization protocol using our recently fountkyh thiol
catalyst, methyl thioglycolaté which also gave satisfactory
yield and efficiency.
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Fig. 2 NCL between Ub[1-45]-MPAA and Ub[46-78f°-ACC
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s Fig. 3 A) HPLC trace of purified Ub-ACC. B) Direct-injgon

ESI-MS (observed: 8765.4 + 0.6 Da; calculated: 82@%a) and
SDS-PAGE analysis of Ub-ACC. C) CD spectra of fdldgb
and Ub-ACC



Next we characterized full-length Ub-ACC throughabmical
HPLC (Fig. 3A). Direct-injection electrospray ioatmn-mass
spectrum (ESI-MS) and SDS-PAGE verified
molecular weight (Fig. 3B). Then we carried odtlfiog of Ub-
ACC through direct dissolution in dgB?? (for circular
dichroism (CD) assay) or aqueous buffer. CD speofrédJb-
ACC and wild-type Ub were almost identical, whiabnéirmed
the correct secondary structure of synthetic Ub-AEi@. 3C).

A) Michaelis-Menten curves of UCH-L3
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Fig. 4 Michaelis-Menten kinetics of UCH-L3, OTUD2 and
USP30 treated with Ub-AMC (blue line) or Ub-ACC dréne).
Nonlinear fit model of ¥ versus [S]":V = Vnax [S] / ([S] +K),
Keat = Vimax ! [Eol-

Table 1 Kinetic parameters using Ub-ACC and Ub-AMC as
substrates of UCH-L3, OTUD2 and USP30

families. Enzymatic assays were conducted by difutboth
enzyme and substrate in the working buffer (50 mié,T100

the correctmM NaCl, 1 mM EDTA, 1 mM DTT, pH 7.5). Hydrolysis

reactions were all performed in 96-well plates & %.
Concentrations of enzymes were fixed (UCH-L3: 108; p
OTUD2: 10 nM; USP30: 10 nM) and concentrations bfACC
and Ub-AMC substrates were set in the range fromMGo 10
uM. By plotting the initial enzymatic velocity (from
fluorescence read-outs) versus starting conceotrati of
substrates, we calculated tkg; andK,, constants of Ub-ACC
and Ub-AMC against three DUBs by using the nonlinfia
model corresponding to the Michaelis-Menten equatid/e
found that Ub-ACC and Ub-AMC almost gave identical
Michaelis-Menten curves (Fig. 4) and similar kieetionstants
(Table 1). These data for UCH-L3 were also compardb
those determined in previous rep6t&

A) Inhibition curves of Ub against UCH-L3
100 ¢

Inhibition / %

-1
log [Ub concentration / uM]

4 3 o 1 2 3

B) Inhibition curves of Ub against OTUD2
100 [

Inhibition / %

|
A Ml x %
10 1 2 3
log [Ub concentration / uM]

C) Inhibition curves of Ub against USP30
100 [

Inhibition / %

Probe  DUB K (M) ket (S kel K (STM D) |
Ub- UCH-L3 0.040+0.003 88=0.1 (2.23+0.19) ¥10 % 3 2 1 o 1 2 3
AMC OTUD2  4.91+0.98 0.028 +0.003 (5.64 +1.26) X 10 log [Ub concentration / uM]
USP30 2.6840.21 0.29 +0.01 (1.09 £0.09) X 10
Ub- UCH-L3 0.047+0.010 8403 (1.77+0.38) 10 Fig. 5 Inhibition assays of ubiquitin against UCH-L3, OD® and
ACC OTUD2  4.73+1.01 0.028 £0.003  (5.92+1.40)X 10 USP30 treated with Ub-ACC. Nonlinear longistic fit ded of
USP30  2.50+0.39 0.28 +0.02 (1.12+0.19) X 10 “Inhibition% versusc”: Inhibition% = 1 / (1 + &€, IG5, = 1F,

Ki = 1Cso/ (1 + [S] /K.

To investigate the application of Ub-ACC as theitro DUB
substrate, we set out to establish fluorogenicyassaing three ACC based fluorogenic assay by using free Ub asneavalent
representative enzymes, UCH-L3, OTUD2 and USP30inhibitor of DUBs (Fig. 5). IG, values of Ub against UCH-L3
respectively. These DUBs come from three cysteirmepse (100 pM enzyme, 62.5 nM Ub-ACC), OTUD2 (10 nM enzaym
super-families, i.e. UCH (ubiquitin C-terminal hptiise), OTU 500 nM Ub-ACC) and USP30 (10 nM enzyme, 500 nM Ub-
(ovarian tumor) and USP (ubiquitin-specific proelasuper- ACC) were determined to be 1.28 + 0.0, 2.92 + 0.12uM

Finally, we further demonstrated the practicalitytibf Ub-



and 1.53 + 0.11uM, respectively. K; values were then
determined according to the Cheng-Prusoff equat®fllows.
Ki (UCH-L3) = 0.551 * 0.039M; K; (OTUD2) = 2.64 + 0.11
uM; K; (USP30) = 1.53 + 0.09M. These results illustrated that
Ub-ACC might become a robust alternative assayart&zimp Ub-
AMC for DUB libraries.

3. Summary

In conclusion, we presented an expedient methodtHer
synthesis of a new fluorogenic DUB substrate Ub-Afo€in
vitro enzymatic assays. According to the DUB assaysAGB-
is nearly 2-fold more sensitive to Ub-AMC owingttee higher
fluorescent yield of ACC. This permits reduction tbe DUB
enzyme and Ub-ACC concentration which may savescfist
large-scale DUB inhibitor screening assays. Otleatures of
our streamlined protocol include: 1) Synthesis aiode-ACC-
OH is feasible and well documented (up to 30-graaley. 2)
Solid-phase peptide synthesis and Ub segment digaliave
proved to be robust procedures for scaling-up. 183 Ub-ACC
synthetic protocol is expected to be suitable toeptn vitro
DUB substrates like Ub-Rhodamine as well as reagdatived
from ubiquitin-like proteins such as SUMO-ACC. Weple that
our cost-competitive synthetic route of Ub-ACC niigind
broad applications in the identification of novelective DUB
inhibitors.

4, Experimental
4.1. Materials

All reagents and solvents were purchased from Siaop
Chemical Reagent Co., Ltd., Alfa Aesar China Co., LtiRK
Chemical Co., Ltd. THF was distilled from sodium/dplyl ketone
immediately prior to use. DMF was distilled undeduced pressure
from sodium sulfate and stored over 4 A moleculaves. CHCI,,
pyridine and EN were distilled from calcium hydride immediately
prior to use. All other commercially available reats and solvents
were used as received without further purificatiorless otherwise
indicated. All organic extracts were dried over igod sulfate or
magnesium sulfate. TLC was carried out on platescpated with
silica gel 60 F254 (250 layer thickness). Visudl@ma was
accomplished using UV light, iodine vapors, ninhgdsolution,
permanganate solution and/or phosphomolybdic &idA) solution.
Flash column chromatographic purification of producwas
accomplished using forced-flow chromatography dic&iGel (300-
400 mesh on large-scale or 200-300 mesh on smaf#jscFmoc-
protected amino acids were purchased from GL Bioc{@manghai)
Co., Ltd. Rink amide AM polystyrene resins (1% DVB,01200
mesh, loading = 0.34 mmol/g) were purchased froamjian Nankai
HECHENG S&T Co., Ltd.

4.2. HPLC analysis

Analytical HPLC was run on a SHIMADZU (Prominence LC
20AT) instrument using an analytical column (Gragelac “Peptide
C18”, 250% 4.6 mm, 5um particle size, flow rate 1.2 mL/min, rt).
Analytical injections were monitored at 214 nm &4 nm. Semi
preparative HPLC was run on a SHIMADZU (Prominen€:20AT)
instrument using a semi preparative column (Gragda¢ “Peptide
C18”, 250x 10 mm, 10um particle size, flow rate 4.0 mL/min).
Solvent A was 0.1% TFA in acetonitrile, and solvénhtwas 0.1%
TFA in water. Both solvents were filtered througl2um filter
paper and sonicated for 20 min before use.A ligeadient (20-60%)
of solvent B in solvent A over 30 min is used.

4.3. CD spectr oscopy

CD spectra were measured on a Piatdi80 spectrometer from
260 nm to 190 nm at 2% in a quartz cell with 0.2 cm path length.
Each protein sample was dissolved to a final comaton of 0.2
mg/mL in ultrapure water. The spectra were perfatnmetriplicate,
averaged, subtracted from blank and smoothed.

4.4. Synthesis of Fmoc-ACC-OH

Ethyl (3-hydroxyphenyl)carbamate (2). 3-Aminophenoll (3.27 g,
30 mmol) and EtOAc (200 mL) was added to a 500 ound-bottom
flask fitted with a stirring bar. After heating teflux for 10 min, ethyl
chloroformate (1.62 g, 15 mmol) was added slowlye Tixture was
stirred for 1 h and cooled. Then the precipitates wemoved. The
combined filtrater was concentrated to affordethyl3- (
hydroxyphenyl)carbamate (2.50 g, 14 mmol, 93%) aghde solid.
The crude produc2 could be used in the next step without further
purification. NMR and mass spectradivere consistent with results
reported in the literaturé.*H NMR (400 MHz, CDC}) & 7.39 (s,
1H), 7.12 (tJ = 8.1 Hz, 1H), 6.93 (d] = 56.4 Hz, 1H), 6.78 (s, 1H),
6.67 — 6.54 (m, 2H), 4.23 (4,= 7.1 Hz, 2H), 1.39 — 1.23 (m, 3H).

2-(7-((ethoxycar bonyl)amino)-2-oxo-2H-chr omen-4-yl)aceticacid
(3). Compound2 (2.50 g, 14 mmol) and 70%,80, (120 mL) was
stirred and kept in an ice-bath. Then 1,3-acetenarhoxylic acid
(2.45 g, 16.8 mmol) was added slowly and the métuas stirred at
room temperature for 12 h. The resulting mixtures \yaenched with
water, and extracted with THF: EtOAc (5:1) threends. The
organic phase was concentrated to afford the cprdduct, (2-(7-
((ethoxycarbonyl)amino)-2-oxo-2H-chromen-4-yl)acediid (2.85 g,
9.8 mmol, 70%) as a white solid. The crude prodocid be used in
the next step without further purification. NMR amass spectra &
were consistent with results reported in the lee'® 'H NMR (400
MHz, DMSO0) 3§ 10.17 (d,J = 6.4 Hz, 1H), 7.63 (d] = 8.8 Hz, 1H),
7.57 (d,J = 1.9 Hz, 1H), 7.39 (ddl = 8.7, 2.1 Hz, 1H), 6.34 (s, 1H),
4.17 (9,J = 7.1 Hz, 2H), 3.86 (s, 2H), 1.27 Jt= 7.1 Hz, 3H).

Fmoc-ACC-OH. Compound3 (1.60 g, 5.6 mmol), NaOH (2.24 g, 56
mmol), and HO (80 mL) was added to a 250 mL round-bottom flask.
The mixture was heated to reflux overnight. Thea teaction was
quenched with water. Next, pH of the reaction migtwas adjusted
to 2 with 4 M HCI, and extracted with THF: EtOAc Ipthree times.
The organic phase was concentrated to afford tidecproduct, 2-(7-
amino-2-oxo-2H-chromen-4-yl)acetic acid (0.96 & mmol). The
crude product could be used in the next step withiouther
purification. 2-(7-amino-2-oxo-2H-chromen-4-yl)aiceacid (1.00 g ,
4.5 mmol) was dissolved in GBIl,. Then TMSCI (1.45 g, 13.5
mmol) and DIPEA (1.74 g, 13.5 mmol) were added. fititure was
heated to reflux for 3 h. Then the mixture was eddh an ice bath.
Fmoc-CI (1.4 g, 5.4 mmol) was added and the reactias stirred
overnight at room temperature. The reaction wasicued with 2 M
HCI (pH adjusted to 2), and extracted with THF: EtO¢s:1) three
times. The organic phase was concentrated. Thee gpuoduct was
purified by chromatography (THF: PE = 2:1, 1.5% AtQR; = 0.4)
to afford Fmoc-ACC-OH (1.43 g, 3.24 mmol, 58% footateps) as a
white solid.*H NMR (400 MHz, DMSO-g): & (ppm) 12.83 (s, 1H),
10.22 (s, 1H), 7.92 (dl = 7.4 Hz, 2H), 7.76 (d] = 7.4 Hz, 2H), 7.62
(d,J = 8.8 Hz, 1H), 7.55 (s, 1H), 7.45 — 7.34 (m, 56184 (s, 1H),
4.56 (d,J = 6.4 Hz, 2H), 4.34 (tJ = 6.4 Hz, 1H), 3.86 (s, 2HJC
NMR (101 MHz, DMSO-¢): 3 (ppm) 170.5, 159.9, 153.9, 153.2,
149.8, 143.6, 142.6, 140.8, 127.7, 127.1, 126.5,112120.2, 114.4,
113.8, 113.7, 104.7, 65.9, 46.5, 37.0. HRMS (pa=sjtiv442.13
(observed, M+H), 441.12 (calculated, M).

4.5. SPPS of Ub[1-45]-NHNH, and Ub[46-76]**-ACC

Peptides segments (0.1 mmol scale) were obtaimedgh Fmoc
SPPS with the microwave peptide synthesizer (Ljb&iue; CEM
Corporation, USA). All Fmoc amino acids were dissdvin DMF,
and the coupling reagent DIC (diisopropylcarbodii@idwas



dissolved in NMP containing 0.1 M Oxyma (ethyl cggtyoxylate-
2-oxime). Ub[1-45]-NHNH was synthesized from the Fmoc-
hydrazine-2-chlorotrityl chloride resin. Ub[46-7B8EC was
synthesized from the Fmoc Rink amide resin. Fmoc{jisy-OH
(2,4-dimethoxybenzyl) was used at the coupling &ft&ly53. AcO
was used to cap free amino groups after the cayphih ACC.
Peptides were elongated using four-fold excess mbd-protected
amino acids and four-fold excess of coupling reagait coupling
reactions were performed at 50-76 for 10 min except arginine.
Fmoc-Arg(Pbf)-OH was coupled at room temperature 6 min
followed by 5 min at 50 °C. Double coupling was usd@r the first
30 coupling cycles. Fmoc protecting group was rezdowith 20%
(v/v) piperidine in DMF containing 0.1 M Oxyma.

After chain assembly, the resin was washed by DMd @H,Cl,
three times, respectively. To the dry resin waseddtD mL cleavage
reagent [TFA/water/thioanisole/ethanedithiol = 85/8 (v/viviv)]
containing 0.5 g phenol. After 3 h, the filtrate rweconcentrated by
blowing with N, and precipitated with cold ether. The crude pestid
was dissolved in acetonitrile/water (1/1), analybgdHPLC and ESI-
MS. Purification was carried out through semi-pragige HPLC and
follow-up lyophilization.

4.6. NCL and desulfurization

4.8. Deter mination of Michaelis-M enten constants

Enzymatic assays of DUBs were conducted on the piat®
reader (BioTek Corporation, Synergy HT, USA). Theofkscence
signals were recorded at an excitation wavelen§ts66 nm and an
emission wavelength of 460 nm. Enzymatic reactisese performed
in the assay buffer (50 mM Tris, 100 mM NaCl, 1 m@TR, 1mM
DTT, pH 7.5). Total assay volume was 20D. Reaction mixtures
were incubated for 1 h at 3% and fluorescence signals were
recorded every 30 sec. Kinetic assays of UCH-L3 (p80Q was
performed with Ub-ACC or Ub-AMC concentrations of 25,11, 0.5,
0.25, 0.125, 0.0625 andu/. Kinetic assays of OTUD2 (10 nM) was
performed with Ub-ACC or Ub-AMC concentrations of 50,2, 1.5,
1, 0.5, 0.25, 0.125, 0.0625 anduM. Kinetic assays of USP30 (10
nM) was performed with Ub-ACC or Ub-AMC concentrasoorf 10,
5,2,15,1, 0.5, 0.25, 0.125, 0.0625 andvd Average reaction rates
were measured based on three independent reachimmiinear fit
model of ‘v versus [S]":V = Viax [S]/ ([S] +Km), Keat = Vimax/ [Eol-

4.9. Determination of 1Csy and K;

All assays were performed at 30 °C in 96-well atgsing
microplate reader (BioTek Corporation, Synergy HT,A)USThe
fluorescence signals were recorded at an excitaterelength of 360

UDb[1-45]-NHNH, (1.0 equiv) was dissolved in the oxidation buffer nm and an emission wavelength of 460 nm. Enzymatictions were

(6 M Gn-HCI, 100 mM NakPQ,, pH 3.0). Then, 1 M NaNg(5.0
equiv) was added dropwise and the reaction wagdtfor 20 min at

performed in the assay buffer (50 mM Tris, 100 mMdQay 1 mM
EDTA, 1 mM DTT, pH 7.5). Total assay volume was 200 For the

-10 °C. MESNa (50 equiv) was then added and pH was slowlynhibition assay against UCH-L3, UCH-L3 (100 pM) waixed with

adjusted to 5.0 with 2 M NaOH. The reaction mixtwas stirred at
room temperature for 1 h to enable quantitativevecsion of Ub[1-
45]-NHNH, to Ub[1-45]-MESNa quantitatively.

For the synthesis of full-length Ub-ACC, Ub[1-45]-MES& (8.4
mg, 1.6umol, 1.0 equiv) and Ub[46-76]-ACC (6 mg, 1uéol, 1.0
equiv) were dissolved in 500L ligation buffer (6 M Gn-HCI, 100

Ub-ACC (62.5 nM) in the presence of free ubiquitin \arious
concentrations (0-2@M). For the inhibition assay against OTUD?2,
OTUD2 (10 nM) was mixed with Ub-ACC (500 nM) in theepence
of free ubiquitin at various concentrations (0-g®1). For the
inhibition assay against USP30, USP30 (10 nM) waedwith Ub-
ACC (500 nM) in the presence of free ubiquitin atrimas

mM NaHPQ,, pH 7.0). MPAA (50 equiv) was added and pH wasconcentrations (0-2QuM). All DUBs were incubated with free

slowly adjusted to 6.5 with 2 M NaOH. The reactimixture was
stirred at room temperature for 2 h and monitongdRB-HPLC. The
product Ub[1-76}*°“-ACC was isolated by semi-preparative HPLC
and lyophilized (8.8 mg, 63% isolated yield). UB[8}**°“-ACC (8.8
mg, 1 umol) was dissolved in 1 mL desulfurization buffeg
Gn-HCIl and 100 mM N&lPQ,, 25 mM VA-044, 100 mM 2-methyl-
2-propanethiol, 250 mM tris(2-carboxyethyl)phosghifTCEP), pH
6.9). The reaction was incubated at room temperatdier 12 h, the
reaction was analyzed by RP-HPLC. The product Ub[1ABC was
isolated by semi-preparative HPLC and lyophilizeds (Bhg, 61%
isolated yield).

4.7. Expression and purification of UCHL 3, OTUD2, and USP30

UCHL3 (full-length), OTUD2 (132-348) and USP30 (6573 were
expressed in BL21 (DE3) cells using a pGEX-6P-1arecontaining
an N-terminal GST tag. Cells were grown in LB medicomtaining
ampicillin (100pg/mL) with shaking overnight at 37 °C. After 1:100
dilution in LB medium containing ampicillin (10@/mL), the culture
was grown at 37 °C to an OD 600: 0.6-0.8. Then,gimoéxpression
was induced by the addition of isopropylpd3-galactopyranoside
(IPTG) to the final concentration of 0.2 mM. Aftexpression for 16
h at 16 °C, cells were harvested by centrifuga(@00 rpm, 10 min),
and re-suspended in lysis buffer (20 mM Tris-HCIQ 18M NaCl, 1
mM DTT, pH 8.0). After cell lysis, GST-fused UCHL&f-length),
OTUD2 (132-348) and USP30 (65-517) were purifiedngisa
glutathione-Sepharose 4B affinity chromatographylut&hione-
Sepharose 4B resin and the cell lysate were incdlzté °C for 1 h.
The resin was washed with 20 mM Tris-HCI, 500 mM NaChM
DTT, pH 8.0. Then, the PreScission protease wasdti the resin.
The mixtures were incubated at 4 °C for 4 h and @§Twas excised
by PreScission protease. UCHL3 (full-length), OTUR32-348) and
USP30 (65-517) were further purified by a Mono Quom followed
by a Superdex 200 column.

ubiquitin for 1 hour at 3@ before adding Ub-ACC. Nonlinear
longistic fit model of “Inhibition% versus’: Inhibition% =1/ (1 + &
KE)), 1Cs0= 107, K; = 1Cs0/ (1 + [S] /Ksp).
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