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HWE HH KL RabGEFI (Rab guanine nucleotide exchange factor 1) MZkPEiZ ZALBIHAGHIRY . FHi%  7F pEF6/Myc-
His C #if& P v A\ RabGEF1 3 [H 3l ad G THE (Co-1P) S I6UE RabGEFI A HOIP (A EAEH . FF GST-pulldown
SCYGHRER RabGEF1 5 HOIP AH B /R FZE A . 3 3 ey 93650 5 56 11F RabGEF] A HOIP (9 AH B AE -5 W A e v o o FRAAR N
2 ZAL SR II RabGEF 1 FYZEMEZ Z AL &M, id NTA-His 2 Z bS8 E— 4 W RabGEF 1 RENS & A= 2k Ak B i, #
RabGEF1 19z Z AL HE [ BTAE S A T B A0 Br . AR BUiS 45 SR A2 7R 1 RabGEF 117 2 AL 0 1 i 2 R o7 i S8 ks, F— 20
TEVRPZ R AL S50 H BHIE RabGEF 1 (LR kiZ ZAL B 4. 58  RabGEF1 5 HOIP A E AR, H HOIP# it ZF-NEF
45 H55 RabGEF 1 & F B A HAE] . RabGEF1 55 HOIP 3 [m] & 7 T4 i it . LUBAC 413 RabGEF 1 & 2 4 MEiZ R AL B
i T LUBAC 51, RabGEF1Z ZILEMINLE A KIS8. &1  RabGEFINZIMEZ HILEMRTHIEY, HKIS8EH kA

LM RACBMRA A

X#EiE RabGEF1, PRz ZLEM, LUBAC, fHpeliiiiye

hESES  Q7, R392

iz (ubiquitin) E—F ZAEAE T HAZAEY
TR BP9 i BEORSF /N T A B, A 764>
FHMR (£98.5ku) . ZZF 4L (ubiquitination) &
MiE—FEZEN B GEM, =52t
TG Zhan A 1 BT R 0 N L R R R B
RPER N . DNA#IIESE . (5555 " %, 2
2k B2 7z R AL (ubiquitin-
activating enzymes, E1). Z ZKZ & (ubiquitin-
conjugating enzyme, E2). 1Z K% (ubiquitin
ligase, E3) MIMEH T iz R0+ &L —RII M
RN, FeZAliyz 2250 F i H 2 R AL i 1 51
AR A R 5 - 2 R
fERZ ZBm S 2 Rz Z40Bm . Bz R
HARBRYE A Rz R 7R AR
I, EESTFRELE RN N2 R TR ER
B DI B o Z Rz 2B . 2R TFA
& T AR R FR I A 1 S Ik b 1) i A
FRERIE, 12 3 Z [l i ixX 8 AN [R) A 2 SR A s i
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FIE N 8 iz ik, Horh 7Rz R4y R B
MHZER (G) SRYEANBER (K) HiEHE
f 5, fFFKe. Kil1, K27, K29, K33, K48
FIK63 (i 2Rz Ziugin . HarZ2 Rz £k
BARIT S 245 T K48 FIK63 K 1o, K48 M %
R R RHE, TR 26S 8 R
R fR AR 5 o K63 R 2 Rz ZABIM1E(5 T 1%
T 7 MIDNABE HRIEN, Mo R S,
H 4B K Kirisako 5§ ' #ftill | —F 1 E3 B &
TROE B aB iz 248 2, Mz ZR
BRI 76 (7 H 2 MR % HE TR I iz 3R 2 B i 1Y A
ZAR (M) I, XFBMmRAIGRR Rt £k

(linear ubiquitin) .
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LMz KA B th &z REEH R A1k
(linear ubiquitination assembly complex, LUBAC)
TEE1 M E2 (B LB il . HRETEFIEIA Y,
LM REEHREE SR EEAEIANH
HOIL-1L (heme-oxidized IRP2 ubiquitin ligase-1,
N4 RBCK1), HOIP (HOILIL interacting protein,
¥ 4 RNF310) Al SHARPIN (SHANK-associated
RH domain interactor) "' . HOIP & LUBAC I fi
16 A, Horpb iz &M OC 45 4 B UBA
(ubiquitin-associated domain) 5 HOILIL #l
SHARPIN H B AEH], K #5411z R AL E3 i )
£ . OTULIN (OTU deubiquitinase with linear
linkage specificity) J&21Z Z fLHF OTU S5 i 1l 51
Z—, RetBARSELERIRY) EA A REE
LUBAC J&ME— 1T LML R M2 F LR E3 2 A1k,
RERSTE TNF-or, IL-1p 3 TLR % BCHARIECT , 15
NEMO (NF-kB essential modulator) % H 474k
Pz Z4kEM, IMi%ES kK (inhibitor of nuclear
factor kappa-B kinase) A% # Bk 1L A1 B J5 1) IxBa [
fift, IxBo 8 K % J5 BE I NF-xB, 17 25 ) NF-xB %)
LENAMAEAZ, BORHEREPIAYFE 5%, 78 NF-«B i B 1Y
WOE P AR etz RAB A R
A= IRE, LUBAC Rtz Ribigiany
RSP RIFIERMAAE . H B BetEpom . Pzl
TPk . B AT S E B LUBAC K E2AH
RIP1. NEMO"", ALK1"? ASC"", IRAK1/2/4"%,
MyD88 "/ FI TNFR1 " &, 4 att, HEj%EwE
# Y LUBAC JIRIIH 3 AR, AHREMZ Rk
FAMRA BT 32 BIBR T . RS2 LUBAC 1Y
B, XLz R RE A T2 R X,

AR 3 5T BioGRID HUff G 6, M P e Hi
LUBAC (% 4k .0 HOTIP 1 A T4 K 1 ——
RabGEF1 % 1, J7F pEF6/Myc-His C # {4 i 7 &
T A\ RabGEF1 %[, i i S LT0E (Co-IP) 5
% 55 1F T RabGEF! fil HOIP (¥ # H./E Fl . GST-
pulldown 525 B fi T HOIP i i ZF-NEF 45 k4 155 55
RabGEF1 %A= BLHEAHEAE I o e ot s ke
RabGEF1 il HOIP 3% [f) 7 £ T4 5t . i — 20
TR NZ ZAL K 56E T RabGEF1 Y4k 1k 1E
Mo I AR B4 R A5 SR Nz Z AR gk
T RabGEF1 Wiz RAMB M AL 50 K158, AAIT
FE5E I T X RabGEF 1 & A= 2 V12 28 A A 1 1) 4 ik
KAOEHRR, IHEINRA B R R T —

1 #R5TE

1.1 #F#
111 Bk

anti-DDDDK , anti-Myc (MBL /A ] ) ; anti-
His ( 1 #2 4 #F /& \] ) ; anti-linear ubiquitin
(Lifesensor 24 /] ) 5 I FEHi 4 1gG. F i  1gG
(Jackson 28 7] ) 5 111241 R IgG LCS (Abbkine 24
Al ) WA 1gG Alexa Fluor594, 1L-EHT R 1gG
Alexa Fluord88 (424 /A H]) .
1.1.2 iz

AR B 4 i 2 HEK293T, Ay 40 9 21 il %
HeLa (I4F3&REEFMARE ) o
113 Foki

¥ N\ 2& RabGEF1 2 K J7° 4| 52 f A pEF6/Myc-
His C # A&, 7E s B4 1Y pEF6 Myc-RabGEF1 Jii
I it I 44 N %€ 48 KL pEF6 Myc-RabGEF1
(K49R ., K85R. K89R. KI58R, K408R), H: 4x
Flag-HOIP., Flag-HOIL-1L. Flag-SHARPIN. His-
OTULIN Fl Mye-Vector FURL F [ 5K 8 H B RR#H 0
o3 F e 2 PR A A b i A L Flag-HOIP-CS
(C885S) i [E K H Bkl 4 1 B 2 RS A
27 B PR S AR
1.14 Bk

sibEM E. coli i& 52 7% (DH5a) F13 ik H
E. colif%%7 (BL21 (DE3) ) WFIbat# 4
YT,
1.2 ZHRatESR

P URAF I HEK293T 4 A % HeLa 4 i & T 37°C
KR H KB 7, 500 r/min, 3 min 5.0 5%
B, AT 10%MEIME . 1% 5HEXHEHERES
W DMEM i RE 3k, “ 5k BRI,
B T 5% CO,. 37°CHIREFRAA IS .
1.3 EHBRNHE

Fran b KOS E H R AFRT, TRIzol i 4R-HL
mRNA., ] 5 $2 LAY RNA W B, i 5% 318
cDNA. R4 NCBI i 2 i 3545 1 248 H 1)
FEPFES), ¥ RabGEFL ) F FiEg ¥, IH7E
TS 1551 EcoRTF BamH1 BFVI f5. LA
cDNA Wi, #E47PCRY 1S . F PCR“Y A T35

BB LYK 20, fd ] Thermo GeneJET {7 &

mlfsc B A5 . R BRI N YT EcoR1 AT BamHI
fif Y] pEF6/myc-His C A&, it g bl e i B Kk 7 5
IF Mk, HITC4E% 44 & Gibson assembly mix
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A S I E R S A, BGEEE ) 10 pl,
JA 50 pl DHSo AT IR AZ S, UK L ## & 30 min,
42°C7K 45 s, VK L E 2 min, JIA 400 pl Jc
Pt LB FR3E, 37°C, 220 /min EF5 1 h, AT
LB/Amp -4 I, 37°Cil i ki5%. 552 Rk EA
BA TR Y5 4> A T 1 ml LB/Amp WA 5% 55 5
Hr, 37°C, 220t/ min BEFEIFI0F .
1.4 Co-IP

1£ 6 cm [l 50%~60% 4 i %% 5 B 435l T~ i 7
A FE Y« HEK293T 4l Y . a. Flag-HOIP+Myc-Vector;
b. Flag-HOIP+Myc-RabGEF1; c¢. Myc-Vector+Myc-
RabGEF1; d. Flag-HOIP+Myc-RabGEF1, %% It 5¢
I 6~8 h i AMEIR, 36~48 h il WCAE4nt, FHTE
(1) 1xPBS FEFR 504N 2 Yo BRI PR 227 T
W 800 pl (50 mmol/L Tris-HCI (pH7.5) .
150 mmol/L NaCl. 1 mmol/L EDTA. 1% NP-40.
1% cocktail 2 FI BN HI57)) o 7K L 247 30 min %
ZEPA, VK A 3 min (15% L%, #H I
Is, WMIR@AFE1s). .08 EEEHEPE, A%
JA 15 ul Protein A/G PLUS-Agarose, 4°CiR &A1Y
WE1h, ZOREEEFEPE, H60 ulfEZf#
W, Whnsx EFEZE MR 15 pl, 1 000 W A
10 min, KPR (1.5 ng/) INAFEAZRBRE
i, BT 4CIRE AU E 1 he W Protein A/G
PLUS-Agarose (40 pl/4s) Sk R 2w ik
G, BT ACIREBMUFE IR . 2405 e
BT (beads) 41K, WISJFHRAENIA 40 pl 24
SN 40 pl 2x EAEZZ v, 100°C 7 F i 10 min,
PEATEE AT BE BN (Western blot) A AT 4G
1.5 GST pull-down assay

H i F BE42 A pGEX-4T-1 84K, #4k BL21 J%
A, WA, PRHCER TR, FER . 45 HLGST-
Vector, GST-PUB. GST-ZF-NZF., GST-UBA,
GST-RBR-LDD 30 pl & MIA 5 mlFfif LB/Amp 3%
Frhk, 37°CHEIRE R . 4% 1 ¢ 100 %% 4 % 100 ml
2YT/Amp 85 37 5, 37°CHE K K5 57 25 18 T WO
(4) {ETE0.61F, %1 : 1000 1A P HERACERL
Wi (IPTG) SRS, A GST-PUB I FF
BT 21 CRIKIAE T 4h, HAET 22°CH KA S
8 ho 50 ml B L4256 000 g #5400 15 min LE
&, I ABEC R 2 ml (PBS. 1% Triton
X-100. 1% B#iEZEE, PMSF (94 1 mmol/L),
PR 5 min (20% D)3, @A ETE] 5 s, [A]BR AT
[[]55s), 13 600 r/min B.0> 10 min, B B, A

50 pl fi5%e H PBS 5 i i GST-beads, #& T 4°Cik
BAUFE 1 hEEAE . 2000 g #5003 min 1,
B MA 1 mlPEBRZ P (PBS, 1% Triton X-100,
150 mmol/L NaCl) &7t beads 4 % . BUER 43 beads,
I FREGE MW, SDS-PAGE IR/ AR, %
st ge o, ST ER Al AL SCR R T
5 1ML HEK293T 4 ifi % 4 Myc-RabGEF1 Fiki, 6~8 h
JEHR, 36~48 hIT4HAE, Tve 1Y 1xPBS B IE Uk
UM 2 K, AEMUIMAIRECZY# TAER 1 ml (50 mmol/L
Tris-HCl (pH 7.5) . 150 mmol/L NaCl, 1 mmol/L
EDTA. 1% NP-40. 1% cocktail 4 FABEHMHIF] . 1%
BERR I HEIF . 0.1 % DTT) . vK I Z44#% 30 min 5%
BZEEPA, VKA 3 min (15%Ih%, #ARE
ls, [EfERIEI1s), O EEEHMEPE, HE
JA 53 B0 A & 45 A 85 FH A9 GST-beads, # T
4eCIRBUFE I . HFIIE Y beads 41K, IR
JERE N 40 Wl RFFW, U040 pl 2x EAEGE pp
7, 100°C# ¥E 5 10 min. #F4F Western blot 437
Rl
1.6 #HE% (immunofluorescence, IF) 32§

£ 50%~60% 4 a2 B B 43 5l 4 51 5 X0 G
HeLa4fiffd: a. Myc-RabGEF1+Myc-Vector; b. Flag-
HOIP+Myc-Vector; c¢. Flag-HOIP+Myc-RabGEF1,
YL SE N 6~8 h S AU, 24 hJ5 fe AFER AR,
FEIMLYR S35 5% 2 4500 % T A i . T 3v% PBS
PR3, BHKS min, 4 %% R HEEH E 15 min,
T ¥ PBS 3 ¥k 3 Ik, 5K 5 min, 0.5 % Triton
X-100 2 5 3# % 20 min, PBS W ¥k 3 Ik, &Ik
5min, 0.8 % BSA ZE30 min, W1, AR
B —PT, 4 ClERIFE . WE PBSUE3 X,
BER S mine WA BLAF 2O =P, wORRE
HE S 1 h, B4 PBSPE3 K, 4K 10 min,
2 YL DAPI, #OGIW & ERFF 10 min, H
PBS7E4 UK, B 10 min, IR A BB L 4N iy
1.7 ZMEZHNIIE

78 10 cm L 50%~60% 21 Jitd %% & B5f 43 531 4 T 5]
J7 U Y HEK293T 4 Jifd : a. Myc-RabGEF1+Myec-
Vector; b. Myc-RabGEF1+Flag-HOIP+Flag-HOIL-
1L+Flag-SHARPIN; c. Myc-RabGEF1+Flag-HOIP+
Flag-HOIL-1L+Flag-SHARPIN+His-OTULIN, %%}t
SEN, 6~8 h T AR MEIAH , 36~48 h RTSAEZ A, I
A 1xPBS FR B At 2 vk . R LI A ER i 24
TAEW 1 ml (0.5% J3 U IR AN . 1% W 1R i 4 11
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# . 1% cocktail 2 I EEHI I . 1% N-£ 3 5ok ik
WMz (N-Ethylmaleimide, NEM). 0.1% DTT) . 4%
J5Z M8 Co-IP i fe, 1T Western blot 74T AG i, A¢
mn 2t SDS-PAGE 71#), % Hhilsi i deta, [ (il
5 JCH ) R U B ARG 18 i 34 -
1.8 NTA-His iz &3

£ 10 cm ML 50%~60% 2 itd 2% Fi£ st 43 31 4 T 41
J7 5% e HEK293T 4 g :  a. Myc-RabGEF1+Myec-
Vector; b. Myc-RabGEF1+Flag-HOIP (WT) +Flag-
HOIL-1L+Flag-SHARPIN; c. Myc-RabGEF1+Flag-
HOIP-CS (C885S) +Flag-HOIL-1L+Flag-
SHARPIN, % JL5¢ i 6~8 h J 40 I 45, 36~48 h
AN, TR B 1xPBS B 52 I vE 4 i 2 YK
FHILHNA 1 ml TR 9 1xPBS,  F T4 &IHR &I T 40
R EEPET, HU100 pl fEZAT, 900 plfFE G
UUUE (IP) R, B0 EIANMUIE .. T 2408
DLVEH A 100 wl RIPA 2, T IPULIE H inA
1 ml His-UbiZ AL SR (L0 A: 6 mol/L
2 K . 0.1 mol/L Na,HPO,. 10 mmol/L Bf i
(pH 8.0) ). VK \#™ 3 min (15% I3, #H I}
[ 1s, [RIFHETEILs) . B0HCEIE 2B EPAE, W
60 wl VEZFHW, W8N Sx LAREZE Wi 15 pl, 100°C
A FF 10 min, IP #F & 545 1A 50 pl His-NTA
beads, 4°CIRZ{UIFH 5~8 h, F His-Ubiz E1k&
WA (2% 0P A) Pk beads —IR, TR A VR
(His,-Ub 1z R ZLfH I - T1Z20pif=1 : 3) ¥k
beads I, fcJo FEHT T1ZE0MADE 11K THVERT 4°C
LML E M 1000 t/min, 2500 A28 3 min, TR
AR I B35 A 40 pl His-Ub 72 2 4k 46 1 ki
BEBE S min H/MESLBEFHR ST, RS 6K, a
TRIN40 pl 2x FREGE W, 100°CFE 10 min, #HT
Western blot 73 #r &M, T1ZE W& : 25 mmol/L Tris-
HCI, 20 mmol/LIBkME (pH 6.8); His,-Ub iz R 1L1&
MEE M : 200 mmol/L WK | 0.15 mol/L Tris-HC1
(pH 6.7) . 30 % H . 0.72 mol/L B#iIE L. 5%
SDS).
1.9 ZMEZHENASEIE

£ 10 cm [l 50%~60% 41 ifd 2 J3£ 15} 4355142 T~ 1)
J7 2 Y HEK293T 4 fifd . a. Myc-RabGEF1+Myec-
Vector; b. Myc-RabGEF1+Flag-HOIP+Flag-HOIL-
1L+Flag-SHARPIN; c. Myc-RabGEF1+Flag-HOIP-
CS (C885S) +Flag-HOIL-1L+Flag-SHARPIN;
d. Myc-RabGEF1 (K49R) +Flag-HOIP+Flag-HOIL-
1L+Flag-SHARPIN; e. Myc-RabGEF1 (K85R) +

Flag-HOIP+Flag-HOIL-1L+Flag-SHARPIN; f. Myc-
RabGEF1 (K89) +Flag-HOIP+Flag-HOIL-1L+Flag-
SHARPIN; g Myc-RabGEF1 (KI158R) +Flag-
HOIP+Flag-HOIL-1L+Flag-SHARPIN;  h. Myec-
RabGEF1 (K408R) +Flag-HOIP+Flag-HOIL-1L+
Flag-SHARPIN, % JL5¢ i 6~8 hJ5 A fl i, 36~
48 h ] AR 2 A, FHTVS 1Y 1xPBS 2 AUk 40 it 2
W BENUIMA PR 267 TAER 1 ml (0.5% KA M
FREN . 1% PRI HIA . 1% cocktail £ [ B4 il
#. 1%NEM, 0.1% DTT). #RJ5Z M Co-IP ife,
#1T Western blot 43 B4l

2 & B

2.1 pEF6 Myc-RabGEF1E 4 kit

T %% LUBAC B K Y, A SCil i
BioGRID #4455 T HOIP B ¥ A8 AH EL AT
M1 RabGEF1 (&l 1), BioGRID j&—/MEY) &
AR ARG, AR LR A T ARG RS A
. CUBTII RS 44207 ML, 18279 460 153 Hi b
Y, ok A FEAEAED YA 2 412 071 Fi R
1B RE AL AR AR T . 29 417 Fh Ak 2440 B4 A0
1 128 339 Fh #5151, RabGEFl, 4% RabEX-5,
J& Rab5 A9 & 02 0% 4% 7 ik 32 # [H 7  (guanine
nucleotide exchange factor, GEF), J& T /NG &
R, JEras FEH =Y ', Rabs J&—Fh/N GTP
fitg, AT AR, G 5 N AR/
AR Z [ A DA s A 22, T
TERE b & ¥ /E ], RabGEF1 1135 ] GTP % T 5
Rab5 Z54 ) GDP, AT Rabs 224, 2k T 4RHK

- .
* e

Fig. 1 Results of BioGRID database filtering
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A5 RabGEF1 i) =K RiE ik, 78 3CH TRIzol %
FEHUHEK293T AU A A RNA, [ 5% 543K 15 cDNA,
PLH R A5 M P 46 #5 %) T RabGEF1 2 K, [ Y
RabGEF1 ] PCR ¥, 5 E§V] 5 (1) pEF6/Myc-His
CHARES:, SJa G Wi AT PRI S el
JPo Mras LM, #HETE pEF6/Myc-His C 844
1 ) RabGEF 1 £ K 5 NCBIAE 4 o 1 9 AH AT
N5 RabGEF 1 Fik A i i 2
2.2 RabGEF15HOIPEZZEHEEER

T 757 RabGEF 1 &£ LUBAC WUIRY), H

() Input IP: Myc

FLAG-HOIP + + +

Myc-RABGEF1 - =+
IB: FLAG

12: My [

: ku
130
70

S %F RabGEF1 5 HOIP 1941 H.AE I BEAT R . 7
HEK293T 41 it 43 51 51 5% 5 RabGEF1 3 [m] 4% Y
Flag-HOIP, #XJ& FH Myc $ 1A X 41 it 2 fife o 47
IP, A5 Flag-HOIP 5 Myc-RabGEF 1 /7 7EAH H.
YER (B 2a) . 1E HEK293T 4 it rpr 43 i) Baph & 5
Flag-HOIP L[] %% % RabGEF1, #XJ5 FH Flag it %}
20 L 2L W AT TP, [R)RE AT A I 31 Myc-RabGEF 1
(K 2b). SLEEE R RabGEF1 5 HOIP 7746 AH B
YEH.

(b) Input IP: FLAG

FLAG-HOIP - + - + |
Myc-RABGEF1 + + + + XU

Fig. 2 Interaction between RabGEF1 and HOIP
(a) HEK293T cells were transfected with Flag-HOIP and Myc-RabGEF1, while the transfection of Flag-HOIP alone was used as the control.

Immunoprecipitation (IP) was performed with the anti-Myc antibody, and immunoprecipitated samples were analyzed by immunoblotting using
indicated antibodies. (b) HEK293T cells were transfected with Flag-HOIP and Myc-RabGEF1, while the transfection of Myc-RabGEF1 alone was

used as the control. Immunoprecipitation was performed with the anti-Flag antibody, and immunoprecipitated samples were analyzed by

immunoblotting using indicated antibodies.

2.3 RabGEF15HOIPHMZF-NZFEFHEHERE
ER

HOIP 3 H 41 1 072 & FEMR, 1 RNF31 %
Z B3 ' . HOIP 4 % P A 3R 45 1 3 (real
interesting new gene RING), FHH4 i E3 {2 2 4 12l
¥ 0> 1 R [E) PR 45 #4 3k IBR - (in-between-RING
domain) 43f#, XFFRING between RING HYZ5 4 F
N RBRZi#0 8, BT, TR dttz
FZALRfEAL 27 A, HOIP #E C ot & — i
FER X I, FROM otz Z A e B LDD  (linear
ubiquitin chain determining domain), 7N ¥4 —
“/"PUB (peptide: N-glycanase/UBA or UBX i 5 &
) gitgil, —DEEE45 B NZF (zinc finger)
F—Z ZAHRLERI UBA » (K 3a). b Tk
Ul HOIP I RabGEFIAHEAE HI A4 DX 48k, 70531 fE A4 51
755 BL21 KIAFF AR5 HOIP 1) 4 BBk : GST-
PUB. GST-ZF-NZF., GST-UBA. GST-RBR-LDD,
5% Yk Myc-RabGEF 1 1 21 fifd 54 i 5 53 ) 5 45 5 if
23 AR 5 HOIP 4 Fp UL 14 25 11 19 GST-beads %
B, mZH Western blot £l 5 RabGEF 1 £77E A H.
YERIRY HOIP IR . 528645 3R % 3 RabGEF 1 {15
HOIP ) ZF-NZF BAr e EAEAHE A (183b).

2.4 RabGEF15HOIPTE#EHE AL

T L EE RabGEF 1 5 HOIP 71 4 Jifg P £
AHEAE )T #) RabGEF 1 5 HOIP 7841 Jid P Y I 20
MasE 7, 78 HEK293T 4 g H 4 1) 2R a8 2 [R] i)
¢ RabGEF1 #1 HOIP Ji5 , | F [|] 32 f % %¢ 6 X
RabGEF 1 F HOIP 7 40 ffl PN %) 2 35 1% &L A A o
25 R, RabGEF1 EZAFAEANMITE, HOIP 7E4H
JHLT 5 20 A N DR A AT, AR A BT AR
g (F4),
2.5 RabGEF1RI &4 & MHiZEZH B

A T 1WF9¥ RabGEF 1 BB & A= Gtz R AIE R,
# HEK293T 4fl g It % Myc-RabGEF1 #1 LUBAC 3
AN B i (Flag-HOIP, Flag-HOIL-1L FI Flag-
SHARPIN) J&, A% RabGEF1 1k i1z 21k
B, e IL AL T A 2R PEZ R AL His-
OTULIN I A fig 4 1l #1] RabGEF1 f4 £k ¥ 12 K 1k
(K 5a) . W RabGEF1 A LA £k 12 K #i 161
It X s ] 4 2 4 72 R AR OTULIN 5%
h T HEBRARRE S S5 G, 2D i\ RabGEF1 S 2k
Pz ZAGBM Y, #5177 T NTA-His{Z 4L
¥, 7ERabGEF1 M1 LUBAC & &AL gemt, w]
%] RabGEF 1 ik 417 ZALIEME, 1M HOIP %
>4 HOIP C885S Ml 53 A (A 12 fE kB X ] Bt
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(a)

HOIP
o unai ooad ol D

(b) GST Pull-down
Input
. n 2
53] N |
& m Z < ~
3 D & A
s 8§ 5 2
o = = E B
> (72 B )
$ o 8 8 & &
IB: Myc - o~
ku
—180
—130
—100

Fig.3 The direct interaction between RabGEF1 and ZF-NZF domain of HOIP
(a) Schematic illustration of HOIP structure: PUB domain (69-151), NZF domain (302-435),UBA domain (483-628), RBR domain (699-916) and
LDD domain (910-1 062); (b) immunoprecipitated Myc-RabGEF1 from HEK293T cells transfected with Myc-RabGEF1 were incubated with GST-
Vector, GST-PUB, GST-ZF-NZF, GST-UBA and GST-RBR-LDD purified from engineered bacteria for the in vitro binding assay, followed by

immunoblotting (IB) analysis.

FLAG DAPI Merge

Vector+Myc-RabGEF1
20 pm
Flag-HOTP+Vector
20 pm
Flag-HOIP+Myc-RabGEF1 y \
20 pm

Fig.4 Co-localization of RabGEF1 and HOIP
Myc-RabGEF1 and Flag-HOIP plasmids were transfected into HEK293T cells as indicated, indirect immunofluorescence were performed to detect
Myc-RabGEF1(red) and Flag-HOIP (green) and their co-localization (yellow).




2023; 50 (4)

#=#, % . LUBAC/ SRabGEF1HZ& 4z =186

+755-

(8 Myc-RabGEF1 + + + (b) Myc-RabGEFl + + +
His-OTULIN - - + LUBAC(WT) - + -
LUBAC - + + LUBAC(CS) + - +
ku
S
ES 1-Ub - e
1B: M1- S
= 130 =
& 100
70 IB: M
: Myc
55 o4
. 70
(HOIP) 130 5| IB:FLAG
= .
3| IB:FLAG E|  (HOIL-1)
S| (HOIL-1) 55 (SHARPIN)
(SHARPIN)
; 55 .
IB: His 20 IB: Myec
©
60 K49 RO —
0646
. 50
=]
=
gw
3 30
B e byt H:O, by*-NH: 0 HO 2N S
7 20fmin a,”:\l;u,”vs 0" 78539 78442 e b0 Twos
2 pof P wepm oo N s | TR
24 1 37084 o- | 9930 e 95646
AN = R A e 1 3
200 400 600 800 1000 1200 1400 1600 1800
mlz
K385 bt HLO, byt NHy [MH]H
25 7575 81954
S
< 20
2
g 15
S ¥, p-H:O vml-LOlMMI-n‘anM-n‘ v~ NEy e N 244 11"';:57 an” b:d~NH:  yu-H:O
2 107 ™ i 157'53 ;;50 i AR5, me oens 1 N:g_‘gﬂo
g K |
B 5] wen HO b a0y, a7 o7 N D% ude
21618 gy 36 SN Y - arHO W
YW mtwT mmlﬂfr““* DN S = 1
500 1000 1500 2000
mlz
40] K89
A HOa NHy 2o Ny at  MedH)H
74051 84952
> 30
=
)
g 20 “HO yut-NHy bo¥ar® ysHO be bt
= e ss120 46031 91963 98554 10851 uansl .
- HO 156873
£ 10 iom ‘1159-9
K| ot | "“ [MBZHJ-H, [M2H], yu-NHy
byioNH’ 169678
ol
1500 2000
15
>
=
=
2 10| mo .
5 yo-NH; by
S /_Vx' o 9156
= A6 N - 9358 | a, NS 13364
‘2 o el an J B 41623 b0 wNR | s 108 N wsst 114639
§ 5 5905 18621 a4 (57627 ring '577,5%\ ‘ums; ‘1‘1;:%!
= I/ ye-H w u 65
»H ﬁ uh b Ilff\ e b b ‘
200
o] K408 o,
RBB
>
= &
=
g6 .
S, - DMRHJH, M2H]
= by HO L . 3487 b HO
B 4 bSHO  xgy o a yirHO 159288
E 28418 ‘ S5 oo be v DM2HF-NHHO o 16
5 b« "H) .50 1106.68 121783 yra-Ha
2 AN SMX, ﬁ \w, b .
N8R 1161 ve
ok Hul S TP i 1
1000 2000

Fig. 5 Validation of linear ubiquitination modification of RabGEF1
(a) HEK293T cells were transfected with Myc-RabGEF1, LUBAC complex (Flag-HOIP, Flag-HOIL-1L and Flag-SHARPIN) and His-OTULIN as
indicated, followed by IP with Myc antibody, and the linear ubiquitin chain of RabGEF1 was detected by IB; (b) HEK293T cells were transfected
with Myc-RabGEF1, LUBAC complex (Flag-HOIP, Flag-HOIL-1L and Flag-SHARPIN) and Flag-HOIP-CS (C885S) as indicated, followed by IP
with Myc antibody, and the linear ubiquitin chain of RabGEF1 was detected by IB; (c) identification sites and secondary maps of linear ubiquitination

modification of RabGEF1.
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Table 1 Results of mass spectrometry identification

Linear ubiquitination Sequence Modifications #PSMs Ions score  Charge
modification site Mascot state
K49 QKQIQEDWELAER 1xGG [K2] 2 46 +3
K85 LQREEEEAFASSQSSQGAQSLTFSKFEEK 1xGG [K25] 1 53 +4
K89 LQREEEEAFASSQSSQGAQSLTFSKFEEK 1xGG [K] 3 60 +4
K158 TGQEIYKQTK 1xGG [K7] 1 22 +2
K408 KQEAESWSPDACLGVKQMYK 1xGG [K16]; 1xCarbamidomethyl [C12] 1 19 +2
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Fig. 6 Linear ubiquitination modification of RabGEF1 at K158 site of HB domain
(a) HEK293T cells were transfected with wild-type Myc-RabGEF1 and its various point mutants (K49R, K85R, K89R, K158R, K408R) and LUBAC
complexes (Flag-HOIP, Flag-HOIL-1L and Flag-SHARPIN) or the enzymatic mutants of LUBAC complex (Flag-HOIP, Flag-HOIL-1L-C855S and
Flag-SHARPIN), the cell lysates were detected by IP with Myc antibody and the linear ubiquitination of RabGEF1 and its mutants were detected by

Western blot; (b) schematic illustration of RabGEF 1structure.
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LUBAC Mediated Validation of RabGEF1 Linear Ubiquitination”
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Abstract Objective To verify that Rab guanine nucleotide exchange factor 1 (RabGEF]) is a novel substrate
of linear ubiquitin. Methods Human RabGEFI gene was cloned into pEF6/Myc-His C vector. The interaction
between RabGEFI and HOIP was verified by Co-IP experiment. The interaction domain between RabGEFI and
HOIP was analyzed by GST-pulldown. The interaction and subcellular localization were verified by
immunofluorescence. The linear ubiquitination of RabGEFI was detected by in vivo ubiquitination experiment.
The NTA-His ubiquitination assay further confirmed that RabGEF1 can undergo linear ubiquitination
modification. The ubiquitinated RabGEF1 proteinsamples were subjected to mass spectrometry to analyze the
specific site modified by ubiquitin. The mutant plasmid of potential RabGEF] ubiquitination site was constructed
according to the mass spectrometry results, and the ubiquitination site of RabGEFI was further verified with
RabGEF1 KR mutant plasmids in vivo ubiquitination experiment. Results RabGEFI interacts with HOIP via
ZF-NEF domain. RabGEFI co-locates with HOIP in the cytoplasm. LUBAC mediated linear ubiquitination
modification of RabGEFI depends on LUBAC enzyme activity, and the ubiquitination modification site of
RabGEF]I is K158. Conclusion RabGEF] is a novel substrate for linear ubiquitination modification, and the site

of linear ubiquitination modification is K158.
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