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Fm T K33

T #8785 AREL1 ALY A 2 AR5
THLH, A SCRET T 3.2 A4 PR ARELT™CT &
e My, X IR IE A R SME I Y ARELL
HECT Z5 545 . A 3Gl o RO HERH 233 (SEC)
X HF /MBS (SAXS) IEH] AREL1™C 7R %
WH R ZMRERSIEREER, Dkl E,
[ AR A7 A 2/ DRl — 3R . 5341, SAXS 1 3D A
I ARELI"™ M & &R R 4L X sksh
56 R R ARELL 2 5177 KA BRI IR S0 45
FSERE, XHARFFE 5 2 8] PR ML AT Z
B R 254 BE T H A E ) A ) A T SO PR

1 #M#EFZE

1.1 SCIEHHR
111 bR, RIRFEIRRLA T

ASCHRAE R E KIGFF R (E. coli) , &
ZAMIBL21 (DE3) Higwa Al Bz
Jitl DH10B W4 3E Tt 5t i JE R A R A B A H)
ARSI AR 2 B 2 )5 & A TEV & H Y7
UMY pET-28a, PR VEBEUI AL 55 2 BamH1/ Xhol. &8
F B4l Ak B el FH R 2l A A B AR 2 AT AT 34 3K 1 56
GE/AH].
1.1.2  EGRAL AR

Pfu DNA GRS A6l BRIEE N U
BamHIH1 Xholl) H NEB /A~ w5 TEV £& [ i i 55 55
= H . TSR AH SR TR UL A Y 1 T b st
X BB ARFBRAF, A2FRG TRk Y
W4 F1 Sigma 2>\ . T db AR 6 370 s 0 S8 T
Hampton 23 7] . PCRAY . BPREEN AR . & T
BB AR A 24 1 Bio-Rad /A & ; FPLC 4K [ & 46
RS F 26 [E GEAH] .
1.2 XEHE
1.2.1 ARELI"™EH ik Halifk

¥ 4 i AREL1™CT (1) 24~ SE R - B W o o )
pET-28a # A4 (1) BamHIF Xhol i) 5 2 ], HN
Uitgats A — 1~ 6xHis il bR 2 . 36 IO 3 1E 40 1 SR
AL B KT E BL21 (DE3) 240, 8
i F A 50 mg/L RIFEE R Ay AR R 77 ik i 5
pET-28a-AREL1"™" Jii fi i) BL21 (DE3) Hp %,

PP VR R 3 5 50 me/L R IREE 2 LB W4
FrFederp | 37°C, 200 r/min JR4% . 24 A,,,~0.7 I,
T BE 9 0.3 mmol/L (1) 57 4 J-B-D- A i i
L7 BE (IPTG), 18°CHiFE20h, HBS&E I«
iKW, B O GR T N iy 47 6xHis A5
Z A TEV & U] 47 45 1) FE 41 AREL1"™ T 8 1 1)
B

B0 53 A9 7 R FH 25 mmol/L Bis-Tris Propane
(BTP) pH 6.0 (4°C), 1 mol/L NaCl, 100 mmol/L
K (imidazole), 10% HH (glycerol), 2 mmol/L
B-#iIL L BE (B-me) FHEAL, AU BEAETLDERE
[ 2N LN 2T =BT Wi B S Bl =
F Ni** 2E Ml JZ By A, 4l 1k 4 5t A Chelating
Sepharose Fast Flow Matrix, i #f 100 mmol/L %
1 000 mmol/L f DK M A6 3 vk Bt 25 3 B . F 60 &
AREL1" T (% 8 [ 53 U % B 21 25 mmol/L BTP
pH 6.0 (4°C), 300 mmol/L NaCl, 100 mmol/L
imidazole, 5% glycerol, 5 mmol/L DTT, 1 mmol/L
5 PR ER R ER K SRR R, ARG I
W AR AKTA ik 258, FIWWSET GE A Al
Hitrap SP ¥ #E 17 BH & T 28 e EMralifb, H
300 mmol/L & 1 mol/L A£& 1 NaCl B & AT e it .
BJa, K ARELI™ R ARk 4R s 6 g/L, H T
PRIV .
1.2.2  ARELI™8 145 i S5 AT 4R

mn AR AR B AR K, AR KR
4 18°C. 2 Wl ARELI™C" i A5 1 ul bR A Kb
¥ (0.1 mol/L @2 4M pH 6.4, 0.2 mol/L & LA,
2.25 mol/L & Ak4H, 0.01 mol/L B-Z K2 HilR) IR
&, EEEWE N 2.8 g/L HAEIRR, BRI
LU BE 20% (viv) B9 H M, B R B A S min.
AREL1" T {177 55 8048 02 76 b 1 W) 20 58 5 s
BL17U1 Zeufi i 19 .
1.2.3  HdEab S5 25 i

FHHKL2000 A4 BEAT S 54 ) . AREL1"T
(I ZEA & FH A B4 g T, LAHUWEL 2 (A 1Y)
HECT 45 # 3k i 4549 (PDB ID: 5LP8) Mk A,
fdi F CCP4 #1401 Balbes 72 ¥ 4R 13- W) h AR . 45
FIRSIETE COOT Fph F-ah el ) . Bl e 5
SERPRE R0 2 1 TR . 25 1 By Pymol 144l
fE (http: //www.pymol.org). AREL1"T i 1A 25 ¥4 (1)
PDB 54 6LOH.
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124 JOFHERH A% (SEC)

¥ Superdex™ 200 HR 10/300 JZ ¥ 3
25 mmol/L BTP pH 6.0 (4°C), 450 mmol/L NaCl,
100 mmol/L imidazole, 5% glycerol, 5 mmol/L
DTT, 1 mmol/L % H k&R R 6 /K5 1 92 vl A7,
P oy B ol Aes 200 B 09 8 H BT LA 500 wl AR -
B, BEET#E 0.4 ml/min, BRJE 1.2 MPa, i H
() 2 15 0 MG AAC B, e A 2R A I AT U ) A
0.5 ml/4, XTCEERIHE kAT SDS-PAGE 4347 .
1.2.5 XSZ/MAHUR (SAXS)

ARSLE R FiGIE (F752k) BL19U2 4k
U HEATHUR, BN AR, 8 AR I A
BME h AT, RREEOCTR AL 60 ul, AH
IV B 5% PO B 22 RO . AR UEAE S A R
NS A5 . FESL SIREE N 10°C, R T35
WA SRR L, FERVIEE 3N RERRE: 2 gL,
1 g/LFN0.5 g/L. % []—A4F i 22 8 20 sk 185, J8
IR A RS . ff ] RAW 304458 M 2D
B3 1D Bl e 4 19 8] — U & s, &
FEXTHC I A 0w VA —4k s FHER iR S L
SRR R A G IR R R SR, A5 B R Y
BURME S HHUME S8 5T s 2 E
JREER I AR . T RAOR = SRR IR AR A
FoXS ¥ 3} (http://modbase. compbio. ucsf. edu/foxs/
index.htmD) T35 28, {EBUN, FRITEENEHE 5
B ML S AT, DT 2 1 A
TR AR AR
1.2.6 SAXS 3D#

W SAXS B ¥l iy A Atsas #2840 19 GNOM 72
¥, b E AR S5, 155 ARELI"™ & A
B Xt 437 PR X (pair distribution function) P (r),
P (r) W% WET ARELICTYE % 1 v il B 420k
AU ARELI™ RERE G, H DAMMIN
1E 28 2 ¥ (https://www. embl-hamburg. de/biosaxs/
atsas-online/dammin.php) #E4T = 4E ), 752k
TR (ab initio model) , P ILFE R 5 SAXS %
P i FoXS P EAT405 , R 2 ME, A IEEVN,
TP RARIY 5 SAXS BRIl A F5 ks, M
FRR B R {5 5 . 3 i SUPCOMB 2 7 X Sk 3T
IR ARELT" T Z RARZERHEAT LUXT, Bl
S TEAEARI Y B, B SAXS B ) B e

Table 1 Data collection and refinement statistics

AREL [HECT
0.9792
50.0-3.21 (3.31-3.21)

Data collection Wavelength/A
Resolution range/A
Space group P6,22

Cell parameters

ar b, c/A 1502, 150.2, 342.6

a Byl (® 90, 90, 120

Unique reflections 36070 (1756)

Completeness/% 98 (98.9)

I/sigma (D) 9.60 (2.06)

Rierge” 0.119 (0.628)

Rim 0.071

cc,” 0.635
Refinement Ryon 1% 20.87

Ry, 1% 23.76

Average B-factor/A 77.66

Macromolecules 77.69

Root mean square deviations

Bond length/A 0.0041

Bond angles/ (°) 1.3610

Ramachandran plot®

Most favored /% 88.4

Additionally allowed /% 11.4
Generously allowed /% 0.2
Disallowed/% 0

Values in parentheses are for the highest resolution shell.

DR .= 2 |[-<I>|/X LI is the measured intensity for reflections.

merge
2) CC,,, for the highest resolution shell. > R = X ||Fol|-|Fc|/ X |Fol.

4 R..=R factor for a selected subset (5%) of the reflections that

free
were not included in prior refinement calculations. * Calculated by

PROCHECK.

2 SLIGHER

2.1 AREL1"™CTRyE k54

alifbid fEd, ARELI™CTE A MEN, 55
ULVE, AEEREIEWmEPME (>5¢gL) HFamik
e . 38 L T G2 v S S N, FRAT A AR L vp
WP H B S 100 mmol/L A Bk ik AT D3 2 2
F SR R e PR R . T T 45 R AT A SAXS 512
Y6 i 85 1 AR S 44 T ARELL 46 1 B9 437~811 £ 4
FEFRFRFEA R (Kl 1a) .

ARSCHRENT T 3.2 A5y B30 AREL1"T (i A 45
M, B—AAXFRFITH AL 34 ARELTY 7+
([l 1b) . A4~ AREL1"™" 5> F-#RHA 2 8L HECT 45
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AREL1 1— Filamin domain
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Molecule A

437  HECT domain 811
823

() Modelled UbcH7

N-lobe

Fig. 1 Overall structure of AREL1"*¢"
(a) Schematic representation of human AREL1 domains. (b) Ribbon diagram of the AREL1"ECT structure. Molecules A, B, and C are indicated

in green, cyan and light magenta, respectively.

(¢) All three molecules comprise an N-lobe and a C-lobe, and the C-lobe consists of four

B-strands (B1 to B4), one 3, helix (G1), and four a-helices (al to a4) . The catalytic Cys790 (indicated with spheres) and hinge region are

highlighted by straight lines. Only the secondary elements on C-lobe are labeled. (d) Model of ARELI"FCT-UbcH7 complex was generated based
on the structure of E6AP-UbcH7 complex (PDB ID: 1C4Z) . The C-lobe of ARELI™CT is omitted for clarity, and the N-lobe indicated in green

consists of region I and region II . The conserved residues necessary for UbcH7 binding are shown by sticks and indicated in red. The modelled

UbcH?7 is indicated in light pink.

MR RHE, RIRRARSER 2 “T B, B8 —
4~ N-lobe (437~705 aa) Hl — > C-lobe (712~
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711 aa) R (Kl 1le) . X BECHE X {1 15 N-lobe 1
C-lobe AJ LAAR S Zh g iy 7 2K A A= — o £ FE 14530
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Cys790 bz 2 i H:2IRY & 1 it b AR B
E6AP-UbcH7 & -&¥))45#) (PDBID: 1C4Z), &
fITAEHL T ARELI™CT-UbcH7 &2 & W 45 H R 0 s 7
.78 AREL1"T ) 4 > R 57 5% 3 (S608. L1623,
L642 F1Y659) Xif UbcH7 BY4E A vl BE SR EE ), B
1393k A F N-lobe FY X 1T (602~669 aa, & 1d) .
XHERIAT, X0 & AREL1"™" 5 UbcH7 1)

54
2.2 AREL1"™“"SHECTZR ik E bk & #I &t 33
VS &

i DALI AR5 a4, ATHE R 17 HAL HECT
2 RiERERE, ¥ AREL1I™T 5 NEDD4 (PDB ID:
2XBF) . E6AP (PDB ID: ID5F). WWP1 (PDB
ID: 6J1X) MIHUWE1 (PDBID: 5LP8) HJHECT
SER IR EE R A N EAT T I (E12) o TS
HEH WL AREL1™™T 5 NEDD4 )2 E6AP [ HECT 4%
P2 (B 25 5, F-ATTHE N-lobe Fl1 C-lobe 43 31|17
T X, Z5R X 45 R B R . AREL1"™C7£ N-lobe
1 C-lobe #4945 NEDD4 } E6AP YJFE7E 2% &
(& 2a fi12b) . AREL1"™" 5 WWP1 & HUWEI Ay
HECT Z54 582 (8] ) 22 55 24437 T N-lobe |- (&l 2¢
f2d) XA R HECT 72 2% 74 3 M5 F (1 e X
K, 312 B AREL1YT 5 HoAth HECT E3 22 [f]
FAEM % 22 2 1) X I, (616~655 aa) £ 7% 7F N-lobe
X IRIH (K 1dFE 2) . B4 AREL1™CT-UbcH?
BAEMEEFERL (] 1d), X AEf&E AREL1™CT
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(a) ARELLI NEDD4 (b) AREL1 E6AP

© AREL1 @ AREL1 HUWE1

Fig.2 Structural comparisons of AREL1"" against different HECT E3 ligases
Superimpositions of ARELI"ECT  (green) and (a) NEDD4 (wheat); (b) E6AP (purple); (¢) WWPL (yellow); (d) HUWEL (dark
gray) . The N-lobe and C-lobe of ARELI"ET were compared with the corresponding regions of (a) NEDD4 and (b) E6AP, respectively. The

differences in the secondary structure elements are highlighted by rectangular boxes.
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AR 1T RE i ﬁ £ AREL1 iy — 2R ﬁ: 4 ’ﬂ‘: it % 10/300), and the elution volume was 15.4 ml. (b) The elution of
%ﬁ: . SEC was analyzed by SDS-PAGE.
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Fig. 4 The experimental and theoretical SAXS scattering curves of AREL1"E¢"

The theoretical scattering curves of (a) ARELI"™CTmonomer (green, chain C extracted from solved structure) ,

(b) ARELI¥ECT dimer

(yellow, chain B and chain C extracted from solved structure) , (c) ARELIMECT trimer (dark blue, ARELI"CT structure) and (d) the

assembly from MES fit (red) "7/ are shown. The MES approach using the above three models improves the fit (y>=2.88) obviously. In the

optimized mixture, the proportion of the monomer and dimers (including AB dimer and AC dimer) are 51.6% and 48.4%, respectively.

Experimental data are represented in black dots at 2 g/L protein concentration at pH 6.0.
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HEAMP (r) PRECEIGAN R 2 800 il 28 H 4 2 ™
& (K 5a), F#W ARELI"™ 7R H AR TE 2 Fh
FRE . TR, FATE T DAMMIN 27 k17 =4
B, BRI ERA (ab initio model), FF4HF
I B 7Y 5 SAXS K4 7 FoXS M b L4, /A 1EH A

1.21 (EI5b), HEAR/N, R SAXS Fdl 5 Mk
TR BRI A AR, BRI AR, AEAE Bk
AREL " YE W 19 ELSDIRES b S TR
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1.
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h “e.. D_=113A The fit of ab initio model got by DAMMIN
s s —1.0F . 2_
N - l and experiment data: y’=1.21
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obe

Fig. 5 SAXS analysis of the AREL1"*" structure in solution

(a) Pair distance distribution P (r) functions for ARELI"ECT.  (b) The fit of the experimental scattering profile with the low-resolution ab initio

model of AREL1YECT from DAMMIN.

(c) Superposition of low-resolution ab initio model and rigid body model of ARELI"CT, The ab initio

model is shown as silvery spheres representation. Two molecules (B and C) of AREL1"T in the rigid body model are colored as in Figure 1b.
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HERC6. HUWEI % . E6AP il HERC6 (] C-lobe %
HEME AL Mtk 32 #e (domain-swapped) )50 %
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HUWE!L H "R AR 310 i Be S5 4 i
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Crystal Structure of The Catalytic Domain of Human Ubiquitin Ligase AREL1"

LI Zhi-Hui”", SHANG Guo-Hui", TANG Chen-Jun, TIAN Zi-Zi, WU Wei, CHEN Zhong-Zhou™"

(Beijing Advanced Innovation Center for Food Nutrition and Human Health, College of Biological Sciences,
China Agricultural University, Beijing 100193, China)

Abstract Ubiquitination is an important post-translational modification that controls nearly every facet of a
cell's life and death. Only ubiquitin ligases E3 can specifically recognize substrates during ubiquitination, so E3
plays a pivotal role in ubiquitination and degradation of substrate proteins. Human apoptosis-resistant E3
ubiquitin protein Ligase 1 (AREL1) belongs to the Homology to E6AP C-Terminus(HECT) ubiquitin ligase
family, and it inhibits apoptosis through ubiquitinating mitochondrial proapoptotic proteins such as SMAC,
HtrA2, and ARTS, which are degraded by the 26 S proteasome. Here, the crystal structure of the HECT domain of
AREL1 (AREL1"cT) at 3.2 A resolution is reported, and structural comparisons of AREL1"™T against different
HECT E3 ligases are conducted. Size Exclusion Chromatography (SEC) and Small Angle X-ray Scattering
(SAXS) indicate that there are diverse oligomeric states of AREL1™" in solution, and the SAXS 3D model
further suggests that AREL1""" can dimerize in solution. These findings offer a structural basis for studying the
complex of AREL1"" and ubiquitin, and provide insights into molecular mechanisms of substrate ubiquitination
by ARELI.
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