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1. £EFRICBIF LA GERE LTOIERFY

IV FF 2 (ubiquitin) & 76 FEEEK O R B/ IR EN
BT, #AihRdT EBD, MRENMSMAEICWES, H
55 BRRAEMD S 5D 2L MHFKICGETEL TS,
EFFEHEDOAIVARF T IVEKLE (COOH) 7Y, HEME
HED) Y VBRI A VY RTF REEET 5 T & THENE
HEZEMT %, AR, 28FF BT EERSES
BORLT, ZCFFUBBEL B STRY AEFTF
BEEEKT S (KUY L FF 1k, polyubiquitination), L
CFF OB FEHOEIETHZV V2N LIcR) e
FFALRTOT TV — LD B e UTHIS
N, TOXS R ALFFUBNMLIEAER, Th
TT7YV—=LICELNGRENS, NN FTF v
AR E AR LTEbN, 728263 /HHDY Y
2Nt LIz RY e FF U 1bid DNABE Y 7))V G
KD TWVE T EMHSENTVS, ek, KV
EFF T, aeFF 10 7ofm (£/a2E
FF /1t , monoubiquitination), & % WIIFE S T DHEEL
DEAIDE/ A FF b (RIVTF -/ AEFF UL,
multi-monoubiquitination) ML R4 A b —3 XEFE DM
FANEREICBID 2 T E WIS N TE T2 (1],

2. IVFYAM =Y RABRICSITZE/IEFFLE
BEOE?

IV RY A b=V RABRICBNT, REVZAKIE—
JEHTINICE D AT N T H MR IICHUR ENY ¥
ADIVENDD, MERTFZARIMRENICERDATNS
EVVY—LIGESNAREND, TOW\ETIE, KER
TREKE (IVF ) B/ AEFFUELTED, Th
MBI L 75> TW3 (Fig. D2, B/ L FF 1k
HF'EIX, Hrs (Hepatocyte growth factor — regulated tyrosine
kinase substrate) 7% &M 5 7% 5 #EHIEGIKIC X > THUD A
F N 7%, ESCRTI, ESCRT I, ESCRT Il &\ 7=
HHEAROIEHIZ K D MVB (multivesicular body) 1235 511,
BRI VY —LIZESNS (Fig. 1o

C OEERIEME Tl RERREH 2R LTV S EHED
— DM Hrs Td %, Hrs (& UIM (Ubiquitin interacting motif)
EENS 20 RELE E DK Z L E, TOMFEENIEF
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Figure 1

Degradative protein sorting on early endosome. Monoubiquitinated
growth-factor receptors are internalized and sent to early endosome
by endocytosis. A sorting complex, which consists of Hrs, STAM and
Eps15, recognizes the ubiquitin and sorts the ubiquitinated receptors.
The sorted receptors are sent to lysosome through multivesicular body,
and then degraded.
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Figure 2

Crystals of the complex of Hrs-UIM-Ubiquitin. Left panel: the first
crystals were found in the plate which had been left for 5 months after
mixing. Center panel: the crystal from which we could collect the first
data set. Right panel: the crystal used for the final structural analysis. A
black bar in the left panel indicates 0.1mm.

Hrs-UIM & L8 FF 2 D ARSI LOMERIE, N F
VU Ry TIERKILEE TIT o Toe BEAEIAW (Hrs-UIM
71 mM, ZEFF 23 mM) EHiROMRIEF Y SO
WAIZEG L Fay T2ER LTk, a7 L— 2
20°C CHERE LEISR Rl 7z ASED BN 2 DITIZIRFRID
Mo, HENS 5 7 HIC, Fig. 2 (left panel) D X 9 7%
EAEOMSZRR U, TO5M%TTICHE Lo
(k72175 72 & T A Fig. 2 (center panel) D X 9 75k
B2 ENTE, MG ZITS T EDAERICR >
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Figure 3
Stliglﬁ:ture of the Hrs-UIM-ubiquitin complex. (a,b) Overall structure of the complex between Hrs-UIM and two ubiquitin molecules. Green, ubiquitin
molecule A; sky blue, molecule B; pink, UIM. Shown are side view (a) and top view (b). (c,d) Sites of interactions between Hrs-UIM and ubiquitin
molecules A (c) and B (d). Residues involved in binding of ubiquitin molecules to Hrs-UIM are indicated. Coloring is as in (a) and (b). Red and blue
indicate oxygen and nitrogen atoms, respectively.
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Too TOREEMEDOTEEHRE (58% PEG600, 0.145M CHES
pHO.5) &, MRBEFIC H WL AIE L (40% PEG 600,
0.1 M CHES pH 9.5) &0 & 45% i<, EHREOFHEIC
KO E Fay TORBENEATZC &N, MREGS
RS 7m > Te L B d, HICEGE 2 EHA, RIS
64% PEG 400, 0.145 M CHES pH 9.5 DL HI5 C Fig.2
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MHk Tz,

A F TV OBKORRMEEE, FTICHLMNIEN
THO, 2EFF v (76 AL & Hrs-UIM (21 585 KO
ETHRKENDT, NHOPFEFIEFF > (PDB entry
1UBQ) ZHY—FEF )& LIz HiE#iE iy, JERTR
AR 2 37D FF Uo7 a R Uz, 078
ZRIH U TSR EL 270, BT BE LR LIz T A,
I FF NSHY T B FE LM Hrs-UIM I 249
BDETEEND B MR LTz, % T T Hrs-UIM 73 1~
OIS, ETIVMERT TS LEHWTERL, %
DHBFHOET IVOMEIE, KEERELZITS T & T
RETIVER T, FEEIZOR S #H R-work il 19.7% ,
R-free 13 22.7% CH > 7z,

5. Hrs-UIM £ EFF U DESHIEE
FESOIEFREM I, 20 FDOAEFF e 10T
D Hrs-UM B EENT Wz, ZEFF 2 & His-UM D
BRI % Fig. 3a, b IC/RT . Hrs-UM & 1 KD o
NV I ZREER ESTED, UM ZHidiiis X Hic 2
DDIALCFFUMEEG LT3, 2 DD FF T,
UM D g\ v 7 A% " O S A " & U TBRAT
ENTW3, 974%bB, Fig 3a, b HORROOILLE FF 77
T (LEFF U A) 1FUIMONY w7 Xzl LT 208°
Al XY, 28 AETRBHIEES C L T/KREDILFF
DTIICEREGDER T ENTES, TNETICE Hrs LISt
D UM D¥DONT, AEFF Y (HHWIELLFF U
RAA 2 UbL) & DEEHEREED IS ENTE AV [5,6],

ZNODOFEIZ 11 OFETHD, ZEOES K1 DD
UIMICH L2 DD FF UGS LTS ENEERE &
ncwahoiz,

Hrs-UIM & LY FF 2D DDA % Fig. 3¢, d IXR
T, AEFFUA, ALFFUBEEICHMFTHDOIYT
A2 (144)70 FEHDN) > (V70), 8 HHD T A > (L8)
iUl E U7z "144 surface” & XN S Bk MEfEIZ VT
Hrs-UIM EFEGLTED, ThETHMEIN TV S UIM
g BIEFT VORAMERUTH -2 [56], £z
BEMHOAE S TGN OWVWTE, ThETHRETH
TV FFrDEDLIFERUCTH-Tz, AL FF
VA B &I, AEFF D 144 surface E, Hrs-UIM D
TV (ACFF A LIE A266, ICFTF VB &
& A268) N UmA T R (1265, 1267, 1.269) 7% & T
RENZBUKMEFIS EMHOFRA L T\ e, £aliioae
FFUOLFHDOT V) UFIED (G47) THHOD NH H
¥, Hrs-UM OtV VA (Z8FF 2 A LI S270,
EFF 2B &id $272) OfIHE/KEMELTED, 218
FFUORFHOTIVF U5 (R42) OMIFHIE UIM
DTIVEI VIR (A8 FF 2 A LIFE259, AV FF
VB Lid E261) DOIEHEFHEMNMHEMEAL T\, 7k,
Hrs-UIM D¥EFEED 5 B 1265, L267, L269, Q271, E273 5 D
BILEWT DI FF T EMEMERL Tz,
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HBIDIC, KT T AT HEERT U NA A1
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Hrs-UIM @D A266 & A268 1%, TNZN, ZCFF AL
A FFUBOMEEMEICHEN TS (Fig. 3c.d),
INSOT T = VBRIED LD ZERI DN T & D
EIRATIC K DAL H 512D T, TNEFNDT T =5k
B X0 REARBUKIEOBRICEIRT 2 LT, FNEh
DIEEEMORESHEN N Kb S T ENIR I Nz, ZC
T, TNFENDOTS=VETIVEIVICEBR Uk
(A266Q & A268Q), MiSDT T =277 )IVE I VICER
L7285k (A266Q A268Q) Z1ERL L Tz, #EESRERDE
7z Fig. 4 1T, BAERID Hrs-UIM DILEFF ISk L
TT5MEEEE (K) 3BBEXZ 190 uM &, TNE THS
TN TV 5 Hrs-UIM DR e %8 (230-300 uM) & 1 IZ (A
CTH-7 37 WERMELRZ LW DT S =0T
VA I NCEB L AR 3 F ISR AR AMIE
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DIALCFF U UIHEST R ek xR RT, T
NEFEAHEBOFEEIZ, Hrs-UM D2 DO FF VS
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Figure 4

Surface plasmon resonance biosensor assay of the Hrs-UIM/
ubiquitin interaction. For each experiment, GST-fused Hrs-UIM was
immobilized on an anti-GST antibody-coated surface, over which
ubiquitin was injected as analyte at the indicated concentrations. Circles
and curves in red, sky blue, green and black indicate wild type Hrs-UIM,
A266Q, A268Q and A266Q A268Q mutants, respectively. Estimated
binding affinities and saturated values of the response change are given.
N.D.: Not detected.
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TOXSR 2D FF UREHMERE DD,
Hrs-UIM ORHERZR 7 2/ BRI DS BB a5 2 = LT
WBDTRENMNEE R Tz, Hrs-UIM ORI E L EFF
L OFESICE D B 5% Fig. 5101”9, TOKIO_ERO&
TRUELSE 1 DHOLE FF b 2 /T
HO, TBROKOTRUHDMN 2 DHOLE FF Vilik
IS KT H % S EE AR AN & TE LT,
IKEDEHE, FREDES N S 2 5301525 DHEICH B
7 2/ OB 2 B EIC AN TH @ EREaOESZ
ERZ L, 25 2 DO0EFMZIFRETHS T Ehbh
%0 anNUwy 7 A LICBWT, A2 DD Nid, 20000
A5 & 3.0 A OFATRENCHNE T 5, T OEIZFEITENT
IEFFUALEBMNUMANY v Z ZICH LT 208° DAl
frl 2.8 A DOFATRE TR 5NZ T L& BIAINT
%, DX, Hrs-UM O LT, 23T N fiEH
RT2ODEEEF—THDHD1DIC, N v T RXxfkh
T2 DOFEEERNMNTE, THICKD Hs-UIM D 2 DD
CEF U1 amFEEdT 5 ERA[REIC LTV, Hrs-UIM
DX EHOR UK, TXTDOUIMICDNTHTIE
E5DITTIREV, TNETRBINTE @R D UIM
DEF— T 1F e-e-x-x-¢-x-X-A-¢-x-e/§-S-z-x-e (e B FE M7= FF
OFEL | ¢ BUKMERREL, 2 D SEVBUK MR AL D B I
PEFREE, x (TR ) TH D [5], Fig. 5 DEkICH Y
TBEF—T7IFHON (58], KEOIKHYLTZ2DOHDE
F—TfElm0, TOX D IilHE O UIM Z Frimiks &7
UM &S E S UL Hrs-UIM O X 5 &fids) 7z € D UIM (&
A S UIM & WA 5, RS ORS R 7G & 2T,
KAIFZUMOHFH LWY T 75 2L L ClimisaE uiM

ER{ii % & d+ 9" Hrs-UIM D$& Y

(double-sided UIM) Zf2IHEL, ZDEF—7T ! e-x-e-X-¢-x-
O-A-¢-A-z-S-z-S/A-e ZIER LTz,
8. GH Hrs-UM lZ 2 DD EFF U ESEMuEF>DObh

AW T RE U Hrs-UIM O 2 DD LY FF VEEEH
fidy, RBICE/ 2 FF VEEHBEORNRNIRERIC
WETH 2T &l invivo DFEERTHEND NIz 4], LH
U, Hrs-UIM D2 DD FF UGN EARNT E
DESHEONTHZONICDNTIE, EEHSMNICE

E EL LAL LSQ E
Hrs-UIM:LQEEEELQLALALSQSEAZEK

Figure 5

Repeating sequence of Hrs-UIM. Middle line shows the sequence of
Hrs-UIM; fop and bottom lines show motifs binding ubiquitin molecule
A (green) and molecule B (sky blue). Shaded letters indicate important
residues for each binding site in particular. Italic letters indicate residues
not observed in the electron density map. The two motifs are shifted by
two residues relative to each other.
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A possible model of the interaction between ubiquitinated cargo proteins
and Hrs. Ubiquitinated proteins are normally monoubiquitinated at more
than two sites (multi-monoubiquitinated). The two ubiquitin molecules
linked to the same cargo bind to Hrs-UIM at the same time, resulting in
a stronger affinity of Hrs to multi-monoubiquitinated cargo. (*) Crystal
structure of VHS-FYVE [9]

NTWAEY, 727201, UM &Y FF O AEEM A
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JEFICTH VD, 1:1 OFEATED Tld Hrs I K 58RI
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EVIOHEDHERE, HEHEZED TV [10,11,12], TH
S DL FF RN O YA EIRIC DOV TS
DB DOHEREDARFE NS,
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K2V R— b3 %, invivo DEERIZ/ VT —TFY
v LJw B FE AT 0 Camilla Raiborg 112748 > Tz 72
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2873000 7Y =7 FOWEBIKIC K D iEDH SN,
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