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(FE] By WEmLLEME £ (OTULIN) BRSNS LM A R, & OTULIN I ik $2 it se a3k mlt . 75
% IR RIA LA Iz R A His-Ub-Ub-Flag, LA OTULIN® JgBFgE %42, SR F) 15 292 Z Ak, il (DUBs) #l il 71
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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HE— B IRAMSE -

AGF5EHT OTULIN & IR E5H 5 TIRE, ) H
ERIRIMEYIEEIAN R R o RSN oK 52
SRR BT, AT HEBRIAR N & 22 3R B8 K 1)
W2 T, BB LA . Riblifei3s)
LM ZHRYE M, 2t OTULIN (R4 Wi
PEPEM A R 0 IR . H5 SCRkRGE, OTULIN fE
o — R S ) Iz R AR DUBs, HEPE X
AT 80 ~ 352 B, BT T RERAE I A HUIR Y
HHHEARRS 2 R T -2 R 5+ -flag hr 2
(His-Ub-Ub-Flag), H T #4 #:4 [1] OTULIN {4 5 fif
W I

1

1.1

24
b

NanoDrop # il &5 4366 B i (Thermo) . K-
(Sartorius) . 4fi 7K % (Millipore ) . {5 ¥ 725 7 25 .0 L
(Eppendorf) . #3848 IR (I HIFEA R A BRAF]) |
PR AN (T IR 2 IR A R AR L KRR
G | I YK (KR, VE-180) , LK (R
fig, 100-1300) . HL YK (I K fiE Tanon) . 4li7KAY
(Millipore 2w ) Fi {1 &2 2 5.4 K (KYLIN-BELL
NI
12 ##

KK, Ktk K EP 4 . KR .
2 A5 40 BL21, DH5a, LB 15573 | Ni-NTA #
R BEEE A SR IR B-D-GRAC L
T (IPTG) . RABE R Ak, SDS/PAGE i K FLvk
& (HERG, LK309), #H%% 5 x Transfer Buffer(BIO-
RAD, 10026938) . PVDF fix (Merck) . 3% % %I 2 [
FREGE M 5 x Loading buffer(HE i, LT101S) .

0.1 mol/L IPTG

0.2 mol/L IPTG

o WYL Marker CHERE, WJI102) . JC 8 Pk
P41 CRiE i, PS108P) | i FH Y 470 14 g v (A il
PS119L). Alexa Fluor® 680 AffiniPure Goat Anti-
Mouse IgG(H+L) (% 2%, 33218ES60, 1:25 000).
Alexa Fluor® 680 AffiniPure Goat Anti-Rabbit IgG
(H+L) (! %, 33118ES60, 1:25 000) 1 Mouse anti
His-Tag mAb(Z 1# 7% 7%, AE003), OTULIN J5i i
His-Ub-Ub-Flag JFtf . 2 H B 52 i Pl oo i ta et
W (IRA, KB0016) .

2 SKERHE

2.1 His-Ub-Ub-Flag % & & ik 5 4h 4k

H A8 SCHR TS 7 3k 43 B OTULIN 5 R ¥ & H
Met1-diUb & & f1{A %5+ (PDB: 50E7, 2.95 A), &%
R Met1-Ub 3& H 731, #3517 3> A8 His-
Ub-Ub-Flag 41 3Rk Bk (B 1), a5t 4 Wi A
VIR BR S B T 2L A, TP IEAf o His-
Ub-Ub-Flag JFki FE U T 7R
2.1.1 His-Ub-Ub-Flag & 175

MGSSHHHHHHSSGLVPRGSHMQIFVKTLT
GKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLI
FAGKQLEDGRTLSDYNIQKESTLHLVLRLRGG
MOQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKE
GIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLH
LVLRLRGGKLDYKDDDDK.
2.1.2  His-Ub-Ub-Flag £ 751

ATGGGCAGCAGCCATCATCATCATCATCAC
AGCAGCGGCCTGGTGCCGCGCGGCAGCCATA
TGCAGATCTTCGTGAAAACCCTTACCGGCAA
GACCATCACCCTTGAGGTGGAGCCCAGTGAC
ACCATCGAAAATGTGAAGGCCAAGATCCAGG

0.5 mol/L IPTG

37C 18C 25C 37T

18°C 25C 37C 18C 25T

-+ -+ - + -

His-Ub-Ub-Flag

-+ -+ -+ -+ -+ BTFE

Mr (x10°)
100

70
50

L
=
ahal:
HHE]
HE |

El1 His-Ub-Ub-Flag ERIFSRIAZ G
e NI IPTG FEABAMES R, “+ AT Rk /Y TPTG.
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ATAAGGAAGGCATTCCCCCCGACCAGCAGAG
GCTCATCTTTGCAGGCAAGCAGCTGGAAGAT
GGCCGTACTCTTTCTGACTACAACATCCAGAA
GGAGTCGACCCTGCACCTGGTCCTGCGTCTGA
GAGGTGGTATGCAGATTTTCGTGAAAACCCT
GACCGGCAAAACCATTACCCTGGAAGTGGAA
CCGAGCGATACCATTGAAAATGTGAAAGCGA
AAATTCAGGATAAAGAAGGCATTCCGCCGGA
TCAGCAGCGCCTGATTTTTGCGGGCAAACAG
CTGGAAGATGGCCGCACCCTGAGCGATTATA
ACATTCAGAAAGAAAGCACCCTGCATCTGGT
GCTGCGCCTGCGCGGCGGCAAGCTTGACTAC
AAGGACGACGATGACAAGTAA
2.1.3 His-Ub-Ub-Flag FikifE1k

HRAE SCHR 7709, SR K W54 181 BL21(DE3)
7 SR AT A . 1 e, B TR TR U
F 40 wl ddH,0 H, 78431 51 J5 B il B 28 vk B2 o
100 ng/pl A BRI . B 2 pl BRI BOINA 50 ul
BL21(DE3)/E3z 4, BRI & Tk L
B 30 min, BHJS, FHEAZ ST 42°C #4390 s,
DA Bk e AR N, JF S BVE Tok BiE . 2
JE A 800 wl LB W AR #23&, F 37°C. 140 t/min
PR RG 555 1 h, DM EAIR R I3

BHLEFR G, BT 3 000 r/min &0 2 min,
5 BVEW, PR RAARTTE, 91 100 pl LB Bi3R3E
#E . T His-Ub-Ub-Flag Jii ki BA R 5 EHi
PE, B 100 Wl AW ISR T & RIFEEN
LB AR SRR L, 58 T 37°C {4+
IR . R H ST A B, 2559 R His-
Ub-Ub-Flag Jiukr ) B4k 2= BL21(DE3)J#sz 2%
M, HTEE6HA SR,
2.1.4 His-Ub-Ub-Flag & 115 5%k

b 3R R F AR S 56 45 SR 5 R, His-Ub-Ub-
Flag 7 Escherichia coli (E.coli) ) BL21 # L5 %K
. PRb IR TS, o E 3 ml T RIREEM
LB AR 3R 3L, B F 37°C, 220 r/min, $E K FE
R, IR /N R IR G TR S . St X
SRR, AN AR B 1 58 i -B-D-Bi AL
2 7, ¥ H (Isopropyl-beta-D-thiogalactopyranoside,
IPTG), 7 37. 18, 25°C IR N 155540, 4
SPGB O, Uk BRSPS S i e
AN a8, & B B IS 5 h
18°C, 0.2 mmol/L IPTG, 220 r/min, 14 ~ 16 h([& 1),
2.1.5 His-Ub-Ub-Flag % 1 K31k

Fki% His-Ub-Ub-Flag ki i 7E BL21 H1 A9 H

S RE R T, B 2 mil /N DRI A B £ 4 i 2 AT
FIRE ZHiPEN 400 ml LB A 558, B T
37°C. 220 t/min #% K LR 5 b % o FF K FE TR
AEMAR 0.6 ~ 1 Z[H], A 0.2 mmol/L IPTG, #
F 18°C T, 220 r/min, FEIKIRZ 14 ~ 16 h i FHE A
KigaRiko WH, B RKIEFER 5T 50 ml 505
W1, 4°C, 4 000 r/min, B5.0> 20 min, 7 _EIE W, K
EULTEE T-80°C 17
2.1.6 His-Ub-Ub-Flag % [ 4iifk

His-Ub-Ub-Flag & ik k47 6 x His Tag, &
R Rk 5 % F N2 T2 MU AT AR g1 ) 45
afifk,, 7ES Ak S b, fif IS & Y AR R o2
I buffer A(20 mmol/L Tris, 500 mmol/L NaCl, pH
8.0) F B RA, B0y 57 VW, PN AE 2 2K
PR o K A TR TR P B AR, O AR A 7 2 TR T
. BHECE T 4°C, 13 000 r/min, #.0> 30 min,
3 RVEW, FEUCTE MG LS 1Y Ni-NTA 2R3
= TN sl w70 = 0 Lo N i b3 = [ RIS
Y Tris buffer YEMEE H, J 25 VEUTIE 4 K, Ve
PRSP REA, WA EWEBREH. RH
NanoDrop 5 I 2 1 & FE , 45 2| A4t ¥ His-Ub-Ub-
Flag & FHE N 1.21 mg/ml, W50 BB AEE K
U _EAERLIK, 25 T i i e € A T 2 1 2R3k 4
TREE R, GRS RIRT 6 F R P 4 (8] 2) .
2.2 OTULIN BgiE -0 7 sk e #32
2.2.1 R DUBs #lli57 PR619 hy BHM: X HE

&Y 2,6-— & 3k -3,5- B HIE Ik BE (2,6-
Diamino-3,5-dithiocyanopyridine, PR619) 1] i 5 4]
Murh 2z 2R AR R, AR EE BT 25
2R ALEHDHF . SCERRIE PR619 #1124~ DUBs
A 8P, W USP4(ECs,=3.93 umol/L), USP8
(EC5;=4.90 pmol/L), JOSD2(ECs;=1.17 pmol/L),
UCH-L3(EC5=2.95 pmol/L)!"71¥ Z8H PN I IE,
PR619 HA vk B M H AT F2 e Ml OTULIN &
114 BH % B 25, X OTULINGE 114 ECso {8 K
16.8 umol/L(#] 3) .
222 #%Z OTULIN S5EWE LT

e OTULIN {5 % F Bt (OTULIN®, 43+ &
31 000), JEE¥ 5 1 His-Ub-Ub-Flag, 43T 20 500,
PR FRIE A% PR619, 25 AT IR DMSO, B 56%
KIS IR E AEAF & T RS S0R . B
OTULIN** 5 PR619 E{RIF &, AR EH
His-Ub-Ub-Flag, 37°C /KB &, MLk kI 5 %
s i e MR s R MR S A R, e
OTULIN®*?* 5 JE ¥ 25 H His-Ub-Ub-Flag %) F &=



RS SRS 2026 4EX A 25 H 444k X

4 J Pharm Pract Serv, Vol. 44, No. X, xxx 25, 2026
KIS Tris o M
o @B o -
g g5 % A 7% (mmol/L) é&
S Ul xk 3
mJa WO e 25 50 100 500 ¥
= -
Sy
p— Mr (x10°)
100
70
50
40
35
25
20
His-Ub-Ub-Flag '
15
10

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

A B
OTULIN®**52+His-Ub-Ub-Flag
S
H,N_ _N_ _NH, ‘Cg\ro PR619 (umol/L)
N ~ N & OSSP
S M =z & PP D O
S S -
His-Ub-Ub-Flag - ——— ——
PR619 His-Ub [ -

&3 DUBs i3 PR619 BFILEH K 3T OTULIN RUEGEHIHIER
A. PR619 Th2£25H#45X; B. PR619 [ EHE A

Feob 1 s 16, AR LB AR NP B 4 223 BEMES SHERS SRR Y EH

W 4). LES
¥ 30 umol/L PR619 5 OTULIN®* [ il
OTULIN®3: His-Ub-Ub-Flag EE 30 min, AT BRI E HTE 37°C KA T
éb@@&fc\‘”% - FNY o FL PRSI, 25 B 7 i et 5 X ISR . 7K
0&&&9" NN ¥ 37°C R 10 min, BFY)F 89 His-Ub 455 AN

OTULIN#-332

His-Ub-Ub-Flag

His-Ub 2=

ke Bb, $5 7 Sy A B 1) ek e, K AN FE 4 0 X4
. 20 min A, 7] DL & W05 5 B OTULIN /K i 5 1Y
His-Ub . 42 30, 40, 60 min K, - JCHH i
25, NHELIEAEN — B, B AR E
2 41 DMSO 41, S i S B0 k%, R B K A

4 OTULIN® ;KR4 His-Ub-Ub-Flag HIBSE % FNLZ&AHR 37°C, VEAT 20 min, 55 WAL 5

A B
OTULIN?-352 OTULIN®-33

His-Ub-Ub-Flag sus 3 His-Ub-Ub-Flag
His-Ub = e — — - His-Ub

5 OTULIN*-* EgEiFM /534
A, F O YA 25 L B, Western blot 45

3 ZR51E (9 Met] 5730, 75 NF-B {225 B4 80E I 4 5E
TEAZ ) PTM b 2Py AL b P R4 SR . OTULIN /5 51% PTM £
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W — 0 030 2 g, LR M RS A R 4 e e T
LMz RAE TR B SRET ] . S T
A OTULIN & PEAS AR &, A 5% 1 U D )
i RKIBIFalifl 7Lz RIEY) His-Ub-Ub-Flag.
A 3 X6} 5 RS 4 P i L R I Bt ) (R BEAR A,
ST EAERR ROV B J12E T H, 78 OTULIN & H 5
JFE#¥) % H His-Ub-Ub-Flag F & J2& 1:16,37C &
20 min ik F N A, IR 1S 2z R ACEE ]
# PRO19 AE M BHEXT B2 WA TR0k . SE 45 R
SR, BHEXT REZ5 %) PR619 X OTULIN 37 14 26 31
ﬁ%ﬁ%ﬂg@%é%ﬁ%%mﬁﬁ?@%%ﬁm
] FRAGE DU ) e T R R AR . R R A R R 2
REAKRY, BeAROTM KLtz ZILEF OTULIN
(ARSI 3 —F 7K A= e

4 e

T 24 B R R B I S PR S 24 B A%
DR S TERZ 254288, /Ny T2 e
e B AR S5 R e %) 4 S 3oL B 7, R I
YA PN AR O TR B AR 3 . AR AR
4z KA OTULIN, VE A4z ki —4F

SR AR R A G E— R iﬁ%%fﬁﬁ
Ff PTM Bl 85-F17 | 845 NF-xB {558 i b e R e

RSP EHEAEATTEMEN. %F OTULIN
Ife 55 5 M S G Ze 5 i B VI OGIG, & Xt
1P SRS R VAN e a1 B | B S A R 2 e o
FHrE.

ABFFE RS T OTULIN #2 i) 24 ) 075 25 1)
LM, A T — R . R HERIRING
PRV AR R, ST X536 Ak A Wm0 ol 255007 1) o
WAl o 2R R A E ST, AU #HT OTULIN 4 7
[ PTM KB MHLHI AL 76 0 TR, B R 5 a4t
XIS AE T 240 R Jr e N L el i 1) 24 ) T B
P T 2 AR

[ 2%k
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