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(FE] By WEmLLEME £ (OTULIN) BRSNS LM A R, & OTULIN I ik $2 it se a3k mlt . 75
IRk ek L Mz RE Y B A His-Ub-Ub-Flag, L OTULIN® Sy fF 5% %F 4, R )% 12 & 4k, B 571
PR619 120 BH X R, 38 3 A0 Ak i 55 VS 4 FH At L B R B[], #8857 OTULIN IRAMEHE EM IR R . R RIS &tz %
Y #E A His-Ub-Ub-Flag, PR619 AJHA W41 OTULIN MREFHE Ik, 303E T2 R AT 150k, S804 OTULIN®S 5k
His-Ub-Ub-Flag MR AEME LA 1 ¢ 16, 76 37°C 05 H 20 min BV, 4518 AWFRIIESE T OTULIN (R4 NI
PEM R R, 7T TRk A%t OTULIN B #0 I VE I B93EMY, A5 4E OTULIN /N:F il i s gt 17 8 AR 8%
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Establishment of in vitro biological activity evaluation system for OTULIN
XIA Zhewei, LI Yu, SHENG Chunquan(School of Pharmacy, Naval Medical University, Shanghai 200433, China)

[Abstract] Objective To establish an in vitro enzymatic activity evaluation system for OTULIN (OTU domain DUB with
linear linkage specificity)and provide an experimental basis for OTULIN inhibitor screening. Methods The linear ubiquitin
substrate protein His-Ub-Ub-Flag was designed, expressed, and purified. Using OTULIN®?*? as the target enzyme and PR619 as a
positive control, the enzyme-to-substrate ratio and reaction time were optimized to establish an in vitro OTULIN activity evaluation
system. Results The linear ubiquitin substrate protein His-Ub-Ub-Flag was successfully obtained. OTULIN activity was
significantly inhibited by PR619, which confirmed the feasibility of the assay. The optimal enzyme-to-substrate ratio of OTULIN®>
to His-Ub-Ub-Flag was 1 : 16, and the optimal reaction condition was incubation at 37°C for 20 min. Conclusion An in vitro
enzymatic activity evaluation system for OTULIN was successfully established, which could be used to evaluate the inhibitory

effects of candidate compounds on OTULIN activity and provide technical support for subsequent screening of OTULIN small-

molecule inhibitors.

[Key words] OTULIN; linear ubiquitin; in vitro bioactivity; enzyme activity evaluation
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AWFFEHET OTULIN & S5 5B, s
ERIRINEYIEPEIAN R R o RSN oK 52
B PAEAE B AR T, v HEBRIAR N &2 22 PR B R 1)
W2 T, BRI SR . kgl
LM ZHRYIE M, /&8 OTULIN (RSN
PEPEA AR R A B ZSERE . 5 SCRkIRIE, OTULIN 1E
ke — e S V) EI Lz R AR DUBs, HEPE X
BT 80 ~ 352 B, BT TR I A H R Y
EAHARRSE 2 R 5T -2 R T -flag b 2
(His-Ub-Ub-Flag), H T #4 2 5 m] OTULIN {451 i
PN Ik

1

1.1 L3
NanoDrop # il & 5356 EE i (Thermo) . K-
(Sartorius) . 4fi 7K 1% (Millipore) . {5 I /& 3 250 HL
(Eppendorf) . #3848 IR (I HIZEA AR A BRAF]) |
B PR (T BOR SR A A PR A ] L KT
(RPN A BR A A L M (VLIRS A
AR FE) . A VKR (KRB, VE-180) ., HLIKIX
(KHE, 100-1300)  HLyk A (|75 K BE Tanon) . 4fi/K
% (Millipore 23 7)) FEER AU a4 K (K YLIN-BELL
AP
12 ##

KK, KL, KH EP 4 KIFFE RS
2 A5 40 BL21, DH5a, LB 157738 | Ni-NTA #
R, BEER ISR, S ER  B-D-mif L
T (IPTG) . RABE R ARk, SDS/PAGE i S FL Tk
W CHERE, LK309), ¥ 5% 5 x Transfer Buffer(BIO-
RAD, 10026938) . PVDF fix (Merck) . 3% % %I 2 [
FREZE PP 5 x Loading buffer(FERF, LT101S) ., XL
o WYL 1 Marker CHEE, WJI102) . JCHE PRt df
P49 CHE i, PS108P) , 38 FH AU it 44 7 B i (R g,
PS119L). Alexa Fluor® 680 AffiniPure Goat Anti-
Mouse IgG(H+L) (! 3%, 33218ES60, 1:25 000).
Alexa Fluor® 680 AffiniPure Goat Anti-Rabbit IgG
(H+L) (& 3£, 33118ES60, 1:25 000)F1 Mouse anti
His-Tag mAb(Z 1 22 50, AE003), OTULIN J&ikr .
His-Ub-Ub-Flag Jiukr , % 5 B i PRk i (L 4y (7
W (JRAE, KB0016)

oe

2 ZWHE

2.1 His-Ub-Ub-Flag & & %A 5 sh4k
AR 4l SCik 77 22U 43 Fr OTULIN 5 i 9 & 11

Met1-diUb &2 & Fh A %5 #) (PDB: 50E7, 2.95 A), %
FH R Met1-Ub 2&H 731, #3117 8> A8 His-
Ub-Ub-Flag FA1F IR0k, 1w st & Wi E Rk
A BRA R T ALK G , W IE#f . His-Ub-Ub-
Flag JFCRL P50 U0 R iR
2.1.1 His-Ub-Ub-Flag % 1541

MGSSHHHHHHSSGLVPRGSHMQIFVKTLT
GKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLI
FAGKQLEDGRTLSDYNIQKESTLHLVLRLRGG
MOQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKE
GIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLH
LVLRLRGGKLDYKDDDDK .
2.1.2  His-Ub-Ub-Flag [ 551

ATGGGCAGCAGCCATCATCATCATCATCAC
AGCAGCGGCCTGGTGCCGCGCGGCAGCCATA
TGCAGATCTTCGTGAAAACCCTTACCGGCAA
GACCATCACCCTTGAGGTGGAGCCCAGTGAC
ACCATCGAAAATGTGAAGGCCAAGATCCAGG
ATAAGGAAGGCATTCCCCCCGACCAGCAGAG
GCTCATCTTTGCAGGCAAGCAGCTGGAAGAT
GGCCGTACTCTTTCTGACTACAACATCCAGAA
GGAGTCGACCCTGCACCTGGTCCTGCGTCTGA
GAGGTGGTATGCAGATTTTCGTGAAAACCCT
GACCGGCAAAACCATTACCCTGGAAGTGGAA
CCGAGCGATACCATTGAAAATGTGAAAGCGA
AAATTCAGGATAAAGAAGGCATTCCGCCGGA
TCAGCAGCGCCTGATTTTTGCGGGCAAACAG
CTGGAAGATGGCCGCACCCTGAGCGATTATA
ACATTCAGAAAGAAAGCACCCTGCATCTGGT
GCTGCGCCTGCGCGGCGGCAAGCTTGACTAC
AAGGACGACGATGACAAGTAA.,
2.1.3 His-Ub-Ub-Flag ki 1k

R SCHR 700, SR KW %45 181 BL21(DE3)
EZ MM AEAT AL . & A, B TURL T R U
T 40 Wl ddH,0 7, 7853 1R 21 J5 B il Bl 289k B 0
100 ng/ul A9 FORLAR . B 2 pl BRI 50 ul
BL21(DE3) Bz A4, FiRIR A5 B Tk b
B 30 min, BJE, FHEAZ UM T 42°C #4390 s,
DI SE b e AN, JFSr BV E Tk B #E . 2
JEHA 800 wl LB AR 375, F 37°C . 140 r/min
FEIRT RS 1 h, DESEA ISR 5

B RIE, KR T 3 000 r/min &0 2 min,
5 RIEW, PR B AARUIUE, I 100 pl LB KigR3t
#H £, T His-Ub-Ub-Flag Jii ki BA R IR E 4t
P, B 100 wl B WIS T & FIPEEN



R GRS 2026455 H25 H 44 HisH
J Pharm Pract Serv, Vol. 44, No. 5, May 25, 2026 261

LB AR IR I, 58 T 37°C iR =4+
WREEFR . R H ST AN B, 259 R His-
Ub-Ub-Flag Jiukr & D% fk. 2 BL21(DE3)/#a2 4%
Yk, T REHA T %RA.
2.1.4 His-Ub-Ub-Flag & iS4k

b Ok #E AR S 5 45 R 7R, His-Ub-Ub-
Flag 1£ Escherichia coli (E.coli) ] BL21 ¥4 L3 %
. PRI EREEVE, R 3 ml FRIBE RN

0.1 mol/L IPTG

0.2 mol/L IPTG

LB W57 3E, BT 37°C, 220 v/min, $E K 725
B, PR /N R IR SE TR TR o et X
FRAF IR, 5 EEAS R B 1) 57 TR 5L -B-D-Bi AR
2 7, B H (Isopropyl-beta-D-thiogalactopyranoside,
IPTG),fE 37, 18, 25°C ¥ FAEHEFHMF, o
A B L, UK EARE RS RS s i g
Sy Rl b e S A 8 R N S e = R o S G B
18°C, 0.2 mmol/L IPTG, 220 t/min, 14 ~ 16 h([& 1),

0.5 mol/L IPTG

37°C 18C 25°C

37°C 18C 25°C 37°C 18C 25T

-+ -+ - +

His-Ub-Ub-Flag

-+ -+ -+ -+ -+ -+ TR

Mr (x10°)
100
70
50

40
35
25
20

| Bal=B . Ba
E=RER_R BT

I IR

15
10

&l 1 His-Ub-Ub-Flag ERIFSRIAZEMIL
H: =R IPTG MR IAPES IR, “+7 A RIvE B2 ) IPTG,

2.1.5 His-Ub-Ub-Flag % 1 K31k

Pk 1k His-Ub-Ub-Flag JFi ki it 75 BL21 H1 Ay B
T RE T YA, B 2 mil /N TR A B9 £ 4 ) B AT
KB EHPEN 400 ml LB KK 5L, BT
37°C. 220 t/min %% K F ¥R G o % o Ff K2 W
AEMAA 0.6 ~ 1 Z[A], LA 0.2 mmol/L IPTG, &
F 18°C T, 220 r/min, FEIKIES 14 ~ 16 h i FHE A
KRk, WH, B KIE R W53 50 ml B0
H,4°C, 4 000 r/min, &.0> 20 min, % FiH W, H @
TEUTHEE T-80°C 1747
2.1.6 His-Ub-Ub-Flag & 1 4lifk

His-Ub-Ub-Flag ik 2 /A4 6 x His Tag, &
F R Rk 5 2 NCE TR A2 19120
afifk,, 7ER AL b, i 0 & Y R AR 22
I buffer A(20 mmol/L Tris, 500 mmol/L NaCl, pH
8.0) HE A, B0 a3 LS, FEINAE 2 2 il
TR K PR T R P AR, A 7R A PR R
. BEWCE T 4°C, 13 000 r/min, Z5.0> 30 min.
W, FEUUHRE IS LS B9 Ni-NTA fEER3:
WEE o OIS LIS, ECHIAS [R) e B L wknse
(%) Tris buffer Vel & M, S IEVETTIE 4 X, TR
WAL G AREN, A 5 E AR EN . RAH
NanoDrop i Il 85 [k B, 15 2 ALK His-Ub-Ub-

Flag 25 I FE A 1.21 mg/ml, FE0 40 B K
W ERERLUK, 178 S35 iR e (0 Rk A 2 1 3R aA 2k
PS5, BEIE12I4F 6 F R F A (181 2) .
2.2 OTULIN B§ &+ -7 ik A i
2.2.1 k] DUBs #illfi51] PR619 by B I8

&Y 2,6-— & 3k -3,5- B 5L L BE (2,6-
Diamino-3,5-dithiocyanopyridine, PR619) 1] i 5 4|
Wbz ZAE AR R, AR EE H T 2
ZRAEFSR . SCEkE PR619 #IHi| £~ DUBs
Y G, 40 USP4(ECsy=3.93 umol/L), USP8
(EC54=4.90 pmol/L), JOSD2(ECs5,=1.17 umol/L),
UCH-L3(EC5y=2.95 pmol/L)!"™'®) | ZBHE PEAN IAIE,
PR619 ATV B AR 4 H T A2 il OTULIN &
1 £ BH % B 25, X OTULINGE 114 ECso {8 K
16.8 pmol/L([&] 3)
222 #%LOTULIN 5EY&EAHE T

PEH OTULIN 4 F Bt (OTULIN®, 43+ &
31 000), JEE¥#E 14 His-Ub-Ub-Flag, 7+ T-#& 20 500,
P X HEIE A9 PR619, 25 A% I DMSO, 5t %
S0 5 Y R A FEAR R H B LT R BT S0R . 1
OTULIN*** 5 PR619 EiRIF &, FHMAKYE A
His-Ub-Ub-Flag, 37°C /KB &, FLIk KI5 H %
s i e (e LR A R . MR SR 25 R, k4%
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i B BB sy (mmol/L) <
PR el £
I L L 2 1 o
FJUE@ WO 5 50 100 500 i
S
Mr (x10%)
100
70
50
40
35
25
20
His-Ub-Ub-Flag
15
10

[l 2 His-Ub-Ub-Flag EARIAS 4L

His-Ub-Ub-Flag

PR619 His-Ub

OTULIN®-%2+His-Ub-Ub-Flag
PR619 ( pumol/L)

o

~o’ Q 5 &
&Q@@m‘v Y

-

3 DUBs #Il#I5] PR619 B9Z5#) & %t OTULIN RIBEESEHNHIZR

A. PR619 T2 45495 B.

OTULIN***** 5 JEE 9 £ 11 His-Ub-Ub-Flag 1 H i

FeoA 1 16, ATV T UL 31 2K i) S - ) 2 1 2%
(& 4).
OTULIN®-2: His-Ub-Ub-Flag
& \‘b'qo
OTULIN®-2
His-Ub-Ub-Flag

His-Ub

4 OTULIN®% 7k fiZ ['k4 His-Ub-Ub-Flag BUBSFEZER

A
OTULIN®3%
N4
<
6060 QO 9 Q Q 9 O
S S QS R
FTIES §&F
His-Ub-Ub-Flag  sus e s T s
His-Ub = — — e — -
&5

His-Ub-Ub-Flag

PR619 AYEETG PFAN

223 BEMAMZ SHE NS G KBIRY &N
S

¥ 30 pmol/L PR619 5 OTULIN®* & 1% i
WEE 30 min, MIAF R FIEYIEATE 37C KB T
BN o FLURASIN, 25 B 17 0 et J5 0 LR . 7K
% 37°C g 10 min, BT ) His-Ub 454 AN
Wh, $2 7~ B g A FH s ) i 26, K AN T2 4% o 2 RN
20 min A, AT LABA & W52 2] 8% OTULIN K fif )5 1)
His-Ub #5H . 242 i 30, 40, 60 min i}, TG 2
E5 . MRS EAEN B0, BHARE
2 24 DMSO 4, A i L s R 3, SRRk i i
KR 37°C, VER 20 min, 253 DLIA 5

OTULIN®3%

His-Ub

OTULIN®"** BgiEIFN 5 3%

A, F Ok e ta gt Bl B, Western blot 4%
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3 HR5THR

TE AR Z2 1Y 25 5 B35 J5 181 (post-translational
modification, PTM) 2 AU b | 28 PR y2 2 Ak A H 4
[ Metl #3505 R, 78 NF-xB {5518 RIS M R AE
FR & R VR . OTULIN AR 1% PTM HY
W — 0 30 2 g, LR M RS 0 R 45 e T
LMz BRGS0 SRERE . b TS
ZHY OTULIN i PEAS AR 2R, ASHIF 5% 1 Uk s D 4
i RikIfalifh T4 %7z RIKY) His-Ub-Ub-Flag,
T 3 0T Tl RS 4 FH e e R R IO s 1] ) s BE AR A,
S T AR f N sl J)2# 7 1, 78 OTULIN &2 H 5
JEY & H His-Ub-Ub-Flag F# /& 1 : 16,37C &
20 min K E A, TR 22 = A
| PRO19 AE M FHEXT B2 WA T I Uk . SC 5045 R
SR, BHYEXT FE 254 PR619 Xf OTULIN 1574 % PR
H B P R e AR P A RV, SRR T AR F A
I FRASE I ) e M A R . R i 2tk
REAIRY), B B0 LZetkiz 240l OTULIN
RSN 3 F 7K A= i o

4 e

2R Y % B S A B B 2 B A A%
OIRBNTT . FERZ PRI, N 2R I
Pt B B4 B A J R e e ) 490 L 5 375 5L B ), R )
2Tt PN 2 1 TR AR, AR R AR
2R vz ZAL M OTULIN, VE Lk iz Ak ix — 4
PR 5T TR S5 B ) e — R S T 0 G g, A
F; PTM Sh 2547 . 1845 NF-«B {5 518 % & e K%
RS EEEATERMEN . % 7T OTULIN
TR 5 55 MR S o e B 16 2 U SRR, T & Xt
TR AR R S /NS A R R B A R
.

ARBFFEE ST Tl OTULIN #2 i) 245 49 5 1% 1)
Ji M, IR T —ERE AU RSN
PEVEM AR R, SE30 T XM T A A il 80 1) o o
WAl o IZ IR R B EESL, AR ##EAT OTULIN /5
() PTM bl #0744 1 T ], 3o 5 24t
X2 AR AT 2T s T e TR | e B P 24 T
P T e AR

(&% 30HK]

[1] RAJALINGAM K, DIKIC I. SnapShot: expanding the ubiqui-
tin code[J]. Cell, 2016, 164(5): 1074-1074.
(2] DEBNATH J, GAMMOH N, RYAN K M. Autophagy and au-

(3]

[4]

(5]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

tophagy-related pathways in cancer[J]. Nat Rev Mol Cell Biol,
2023, 24(8): 560-575.

MATSUZAWA-ISHIMOTO Y, HWANG S, CADWELL K.
Autophagy and inflammation[J]. Annu Rev Immunol, 2018, 36:
73-101.

DEWSON G, EICHHORN P J A, KOMANDER D. Deubiquiti-
nases in cancer[J]. Nat Rev Cancer, 2023, 23(12): 842-862.
KWON Y T, CIECHANOVER A. The ubiquitin code in the
ubiquitin-proteasome system and autophagy[J]. Trends Biochem
Sci, 2017, 42(11): 873-886.

Kemp S B, Cheng N, Markosyan N, et al. Efficacy of a small-
molecule inhibitor of KrasG12D in immunocompetent models
of pancreatic cancer[J]. Cancer Discov, 2023, 13(2): 298-311.
YAU R, RAPE M. The increasing complexity of the ubiquitin
code[J]. Nat Cell Biol, 2016, 18(6): 579-586.

ZHANG Y,FU Y S, QIANG L H, et al. Spatiotemporal regula-
tion of STING activity by linear ubiquitination governs antivi-
ral immunity[J]. Adv Sci, 2025, 12(28): 2417660.

ZEIN L, DIETRICH M, BALTA D, et al. Linear ubiquitination
at damaged lysosomes induces local NFKB activation and con-
trols cell survival[J]. Autophagy, 2025, 21(5): 1075-1095.
WIENER R, WOLBERGER C. A new DUB makes linear ubig-
uitin a party to its own destruction[J]. Cell, 2013, 153(6): 1189-
1191.

WANG W, LI M Q, PONNUSAMY S, et al. ABL1-dependent
OTULIN phosphorylation promotes genotoxic Wnt/B-catenin
activation to enhance drug resistance in breast cancers[J]. Nat
Commun, 2020, 11(1): 3965.

HRDINKA M, GYRD-HANSEN M. The Metl-linked ubiqui-
tin machinery: emerging themes of(de)regulation[J]. Mol Cell,
2017, 68(2): 265-280.

JAHAN A S, ELBZAZK C R, DAMGAARD R B. Metl-linked
ubiquitin signalling in health and disease: inflammation, immu-
nity, cancer, and beyond[J]. Cell Death Differ, 2021, 28(2):
473-492.

HEGER K, WICKLIFFE K E, NDOJA A, et al. OTULIN lim-
its cell death and inflammation by deubiquitinating LUBAC[J].
Nature, 2018, 559(7712): 120-124.

KEUSEKOTTEN K, ELLIOTT P R, GLOCKNER L, et al.
OTULIN antagonizes LUBAC signaling by specifically hy-
drolyzing Metl-linked polyubiquitin[J]. Cell, 2013, 153(6):
1312-1326.

CHEN Y F, WANG L F, CHENG X M, et al. An ultrasensitive
system for measuring the USPs and OTULIN activity using
Nanoluc as a reporter[J]. Biochem Biophys Res Commun, 2014,
455(3-4): 178-183.

ALTUN M, KRAMER H B, WILLEMS L I, et al. Activity-
based chemical proteomics accelerates inhibitor development
for deubiquitylating enzymes[J]. Chem Biol, 2011, 18(11):
1401-1412.

ZHOU Q, YU X M, DEMIRKAYA E, et al. Biallelic hypomor-
phic mutations in a linear deubiquitinase define otulipenia, an
early-onset autoinflammatory disease[J]. Proc Natl Acad Sci
USA, 2016, 113(36): 10127-10132.

[ A1 2026-01-20 [{EEIBHI] 2026-04-09
[Axgmig] i


https://doi.org/10.1016/j.cell.2016.02.019
https://doi.org/10.1038/s41580-023-00585-z
https://doi.org/10.1146/annurev-immunol-042617-053253
https://doi.org/10.1038/s41568-023-00633-y
https://doi.org/10.1016/j.tibs.2017.09.002
https://doi.org/10.1016/j.tibs.2017.09.002
https://doi.org/10.1158/2159-8290.CD-22-1066
https://doi.org/10.1038/ncb3358
https://doi.org/10.1002/advs.202417660
https://doi.org/10.1080/15548627.2024.2443945
https://doi.org/10.1016/j.cell.2013.05.018
https://doi.org/10.1038/s41467-020-17770-9
https://doi.org/10.1038/s41467-020-17770-9
https://doi.org/10.1016/j.molcel.2017.09.001
https://doi.org/10.1038/s41418-020-00676-w
https://doi.org/10.1038/s41586-018-0256-2
https://doi.org/10.1016/j.cell.2013.05.014
https://doi.org/10.1016/j.bbrc.2014.10.139
https://doi.org/10.1016/j.chembiol.2011.08.018
https://doi.org/10.1073/pnas.1612594113
https://doi.org/10.1073/pnas.1612594113

	1 材料
	1.1 仪器
	1.2 材料

	2 实验方法
	2.1 His-Ub-Ub-Flag蛋白表达与纯化
	2.1.1 His-Ub-Ub-Flag蛋白序列
	2.1.2 His-Ub-Ub-Flag基因序列
	2.1.3 His-Ub-Ub-Flag质粒转化
	2.1.4 His-Ub-Ub-Flag蛋白诱导表达
	2.1.5 His-Ub-Ub-Flag蛋白大量表达
	2.1.6 His-Ub-Ub-Flag蛋白纯化

	2.2 OTULIN酶活评价方法的构建
	2.2.1 采用DUBs抑制剂PR619为阳性对照
	2.2.2 考察OTULIN与底物蛋白用量比
	2.2.3 考察阳性药与靶蛋白结合后水解底物蛋白的效率


	3 结果与讨论
	4 结论
	参考文献

