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Abstract

Ubiquitin ligase (E3) is the most important factor selecting target proteins for
ubiquitination and determining the poly-ubiquitin chain type on the target
proteins. The previous studies led to the hypothesis that large conformational
rearrangement via the flexible hinge loop connecting the C-lobe and N-lobe of the
HECT domain is essential for ubiquitin transfer by the HECT-type E3s. We here
provide the first direct demonstration of the dynamic movement of the C-lobe
around the N-lobe of the HECT domain in real time using high-speed atomic force
microscopy (HS-AFM). The conformational state of the mutated HECT domain in
which the flexibility of the hinge loop is restricted by the substitution of GSRN to
PPPP was also revealed. Furthermore, in vitro Ubiquitination assay revealed
that Ubz was formed in both Wild type and mutant, and the flexibility of Hinge
loop of HECT domain greatly contributed to Ubs formation efficiency. The validity
of the Ubg chain type specificity using the Ub mutants also demonstrated the
importance of the N terminal region of the full length E6AP due to the Ubsz chain
type specificity.
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HELEBIZ, ZNETIC E6AP IZBT 5% AW ENHRE SN TS Z &6, AFM
BISOMREEBET HOIENLHDEE 2T, I 51T, GSRN @ PPPP ~OEf L7t v —7
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A~ (E6APHECT_Wt) L Hp/ERIg> GSRN Fdsl% PPPP CEH# L7k o /b — 7 el R pH A8
& (E6APHECT PPPP) DYER L ONF A F I 7 2 &2HZ L, &P —70D HECT FAA D)
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Fot BIZEIE S 472 E6APHECT-We Ol Z-4iif 2. 5 7= 812, EGAPHECT ¢ N AKJifflo> His & 7
& mica L Ni & OMAEMERZFIH L7, HS-AFM B2 0O%5E ., E6APHECT Ot & C-lobe &
N v =7 ~OEPRENE %2 V) TN F A L THFALTE 72, C-lobe IFft G M 2> HHEN S T
WA E)E EREIZ, N-lobe OJEFHZ &N TV,
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2 b—y g UETIC X 5T, HECT KA A > ® C-lobe 25, E2 BX O Ub OIEFELE F T N-lobe
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ZoRI7BEEDOY P UFREED e T 2 FICUb DB VAR XL IEENIHETE B X 9 12 C-lobe B )
SHEHLHZEDRENTWD, Lo T, HECT FAA D C-lobe i% E2 (282 L Ub 521 o7z
%2 B2 fE ARk o0 J7 A 0 B B 5 1)~ Ub 23 & 4172 C-lobe & B 8h S 7211 AUE72 a0,
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HS-AFM B2 Ub N TIERLK L TV DD TIEARVWNEE LT, Lo T, HEELE
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L2>L, EBGAPHECT b Ub(G76C)M DZEME G T, EGAPHECT=Ub |ZIEK S 173, JEAZh=R
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EFTHZERHLNIEINTND, LorL, HECT RAA &5 L1z E2 )b HE A~ Ub 5
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DHEEB X OF A F I 7 A & EGAPHECTPPPP (OREE A BIZZ L THE LT & 2 A, B U—T D
Fe#kMEDOPASE 2 X - T, EGAPHECT C-lobe 7% N-lobe I E2 % & ERALfE U < IT)ZE LTV,
ZDOZENS, HECT RAA Db vy VN —TOFBMENESNTH, E2 205 HECT KA A
v EofliE Cys i~ Ub 2B TEX 20 TIERWE FHILEZ, TAEBIET 57201,
E6APHECT Wt L EGAPHECT PPPP ) Ub LM% Frlcd % Z L 12 LTz,

RETIE, IS, Ub (LUGIZHE: E3 HECT KA A > 0ffilz, Ub {kEE&E[UBE1(ED,
UbcH7(E2)], #7& Ub [UbWt, Ubkless, His-Ubkless UbK48R] 2 K JEBLR THRELSH, Bix 72
N7 E2ERNTHRELE, RIZ, BRLUEEREZ X7 EE2Z BT Ub RS E1T> T,
His-EGAPHECT_Wt & His-EGAPHECT_PPPP 0> Ub {LiEM: 4 Hhilis L7z, F72. E6APHECT O N K~
@ His # 7 OENT, Ub {LIGHEIZEEL 5 2 Wbz, ZOf5%, His-EGAPHECT Wt L
His-E6APHECT_PPPP (i 5 ¢, E2~Ub 75 Ub 23#5f L, EGAPHECT~Ub % B L7z, & HIZ,
Z ® Ub LS T Ubs & JERL S 41, His-EGAPHECT Wt 1 1) ¢, His-E6APHECT PPPP 0> J5 73 Ubs DJE
NN @ E A BN LTz, £72, His # 7 OFEIC L > T Ubs DIEFRICHE L2202 &
bR LT,

HIfE, Ube OAEPEMMEREE LC, EHURA Y Ub S5 5T 5 LUBAC O LAY 72 fil iK1
Td % HOIP OIEVEICEE A 52 5 2 LB E SN TW5H 23, Ube AP FHIBEREDZ < ITARTE
B 52T > Ty, EGAPHECT JL o TR S 4172 Ube DIERL A J1 = A KL R S O FE
ZH BT DHZ L1, Ub BB EMR DM E LV IRDLT-DICB AN TH 5, FEATHIZE T,
Wang 5728 Ubs DFERMME L LT, 3 2D A =X ANRE L, HLF20RNT )5 B2 [ E3 ~TF
o0 BAETANKRLAEREETH DL ERR LTS, LarL, Wang H23ME A L7 HECT 5
E3 X WWP1 T& Y, HECT R A A > Ljiiod N KinfEk2s E6AP &35 & &bz, AU Ub
PFHIERA D= AL e D L RB I TS, Lo T, H&AIZ EGAPHECT. PPPP (7 I0 % Ubz OJF
AT = AL EH LT D & 2R AT,

Ube RIS 2 Z I TR T2 5002 572012, E2 2JE & His- EGAPHECT_PPPP j fE 2~ 75
% T Ub LG &4T - 72, Ub JERNRIT, 4 B2 IEEE IRV TR E RENNRL SR> 208,
E3HECT RAA VRIS RIF LTI L=, D Z &b, Ubs DFERLICIE HECT R A
A UBRELEE LTS AMREED R S T,



L L, AREFZED Ub LG R Tk, E2~Ub OFAENF I/ TON T\ 5D, ZD7-8, HEfEL-
E2~Ub #H\WC, Ub btz T-7, HEfL7= E2~Ub % HECT KA1 > LSBTGS
52T, E2~0 Ub OFFEEEZ S Z ENTE SH1EH, E2~Ub ©3_Cd Ub 2 HECT E
DOflE Cys IZHEE T 5 Z L I2 L -> T, HECT~Ub OA DKM EIED 5 &5 2 7=, Ub b
OFER, 1FEAED E2~Ub 2K LT, HECT~Ub Oz -7z &0 n, Ub RO K &
BB A B, 2o Z Eavh, Ube ik HECT~Ub 04y F-RMAERIC L > TR SN D Z &
R LTz, WIZ, Ubs OFEARFEMEZI ONCT D 2 L 2lkAdz, AU Ub #Hix, Ub ND 7
OOV VUK FIIN R A T A=V EAMDEN LI > T END, 2T A
FFECIEE T, 8 FifED Ub A H{R(UbKless K6R, K11R, K27R, K29R, K33R, K48R, K63R) % H
WT Ub UG Z1T 272, 2@ Ub ALRUSDOREHR, £ D Ub AR {AKZ VT H EGAPHECT |2 o
T, Ube Sz, £72, Ub @ N Kl His # 7 % A$ 5 Z & T, M1 #0 LIZfEED
HE SN TS Z ERHE SN TS, £ 2 TN Kiis M1 241 L7k & 2 MEET 5 72912, His-
UbKless 2 I C Ub (bR A 1T 272, Ub ALIIGO#E R, EGAPHECT |1 His-UbKless T, Ubs &
BT 28 1% R~ LTz, LU, Ub ZEKDETERAE R DA% T Ubs OFEE L Z T~ D
ZENREETH ST, £ T, HESWIET Ub RO EWMMERIET 5 Z & 2ilkAil-, HED
HrofEE, NU 7o _XT7F ROEHEAXY MaiTid, BARE X OZEEA Ubs #4738, Lys £
X Met 7 2 FEEEZAOVTHEEIN TV RNWZ EZ2RB LR, —HAa 73 +oicEm< ik
1o 12 (F = BURIFZR LT 7a0n),

%Iz, HECT B E3 U —8 2, HE4 378 BICHRENZ: Ub 52K+ 5130, AH
5 R B OIFAE T TR R A AT 20 Ub 85 (T Ubd) 2 BT 2 Z L b b T
%, HECT ! E3 ® WWP1 %, Nedd4 7 7 I U —IZp I, WEHF "7 E LIZ K63-7RY
Ub # %S 5, 512, Ube 7 v AIZHE T, HECT FAA HEDATE Ubs DIEEL T
PR AERLMEHERF L T 5, K48-7R Y Ub %4 W EIZIAT 2 E6AP @ HECT K A A (X K48R
Ubs TRk L, 857U BPES R 72> 72, E6AP 13 Nedd4 7 7 I U — L3582 5K Y Ub 44
R OET VR TRHISNTND, D7D, Ub JERIZHEWTH Neddd 7 7 X U — & 1T HR 54
FrEHESLEEFHILEZ, £F E6APIZBWTH Ub: 218k L, S BAESHEF S D g
FRFE L7z, Ub ALIEDOFER, EGAPHECT @ Ubs S AGHEE A 4R E6AP O H D LV b I )Tk
Drolz, WIZ, E6AP @ Ubg SHAURF M AT~ 572012, UbK4sR % T Ube T 24T > 72,
45 E6AP & UbK4SR % Jfiu /2 Ube 7 v &4 T, EGAPHECT L |35t RAYIZ, UbK4SR 0> Ube Ak
Lighotz, ZOZ L6, HECT RAA >0 CREfERAS Ub SRR 2 T E+ 5 720 ICH
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ZUTED Z &N TE DM AREREIRAER & A RTREMERH D Z LN LT, 23T
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Liv7zzvy, HECT#L E3 ® 1 5 TH 5 KIAA 10 @ Ube B L UL W EVWR Y Ub $HOE R h=IE
E6AP HECT R A A VORI HIZdnicEmnZ EnmbnTnd, KIAA 10 @ C-lobe
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