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ARFETR, 2EFF U URATARFHBEAEORERLLTRIET ST TR SHROBBHEOEN
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TREERLDREIZONWT, AEFRF U LRAT A HIBAE X F ALBERPL R ZREEZRAE T D, 2
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BB BRI CHBRIEAR AIC kD UCH-LL B S 7 BEHE 213528, £, B{LA UCH-LI 1
MR £ TF LR RE R BUCEE/ tubulin LOFEAHEHE 9 tubulin DEA{LARETDHIL, (2)UCH-L1 D
RKERBII-TRCBVWCOF FRABEELCTERFAEREBRTEHFETLIL, Q) BERUNLLTO
AMEELE LR RIBFEBROBESIHEITIZE, 2HLMCL, E6IC@) PHF/IABEEZERL
UCH-L1 OABRPICHITEE OS2 IR T TREL T, ¥/ UCH-L] (D UCH-L3 (&2 T
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EXABFHFELHAVT, UCH-L1I BHER
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(long term potentiation) DR BRARMT 21TV EF AR
By AL B LT, T2, FEEERIGRRIC
T gad VAN FEBELF LR B LB
L,
(3) #FE A ER A e - #p R MR IZ 3813 %5 UCH-L1 @
B RE AT
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(4) UCH-L1 DK A # B DR ERRAT
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LB EHARAORBZRRYL, ;oL ¥—
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TR (B £ =0.5-16.1 A) # UCH-L1 BAHEEBK
ERLBHUNESOBEERHETIETYT
F /AL RNV DOEEFRE LT, ZHEFBFIZ
M- RFEREICEY UCH-L1 BEAHE 2 kSRl
HIT ol DI/ S—F Y IR E O R T KR
DORFEZEE TS UCH-L1 OERIZBELTHEA
ROBUEAEEAYL ThETHR/IABE LI
o THEREEIT-T,
(5) FARHBAR(Z331) D UCH-L3 DOHEHEREHT
UCH-L3 B{aFXE~7U AT A% 58 M THIE
BEadld, TOBFERATILICLY, iR
KB CHDIRMATIZ IV T UCH-L3 2SR+ E
ERFLE, REERILENFEELRAVWTEER
< AIZEITH UCH-L3 OMEEN BEEA K,
A%O0HA.10A,38,.618,.88. 12D
UCH-L3 Bz FXB~VAORAEERBOREEL
TUNEL BBt ORBHELLRIELHF AR
AL LT, £ EFEBBLAVCTENS
REOBABEF B, RERANEOIraNY
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B3 27IATOEMELERH L, SOICEHE
TRV AR OEREA N RB#E Y /) B DOHERE
NERBIZBIIDRBDOELER T,
(6) F AR (23315 UCH-L3 D EIfAZEA
REAEFEIZ 5[ & & UCH-L3 RiB~UR LB AR
BwyA0EMEBEL, £AFAREER LR
BEiTolz,
(7)UCH-L1, UCH-L3 O RERIHIZKDBA %
UCH-L1, UCH-L3® 3 RtiEE&ED T — &% AH)
P A+ DB AFEL in silico drug screening DR A HEE
Lz, ZOHRBONEEARTOILEMEAFL,
Ubiquit5in~AMC Z &z L7 UCH-L3 Ozt %
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(1) B{LEsA b 7-5¢ UCH-L1 OBIEE(LDiE
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BEOHNR=VEHRIZLVER{LRE! UCH-LI
AER L, WThOBRLEDL, SELBEEREIC
Xy, EEHBLEBEL TEROEAELOMERE
ANEL T, HEFRATIEREYEHESD
Fratx AV IC KV RIEL LA tubulin A58
FhHZENRHENT, 2D tubulin LER{EE
UCH-L1 OHEERITEEN THLILHS Kk
HETHRERSN, &5IZ, tubulin' DESICKIE
TREMRFLELZA, BR{LR UCH-L1 i3 tubulin
LOBEAMNRBFARIHLTAETIIEDLND
UCH-L1 DER{LAEHIT tubulin DES{LEA{RETS
LWOFE R A187-, 7~ UCH-LI1 & tubulin O#ES
124X UCH-L1 @ Arg-63, His-185 D7 I/ BRFR Z3
BETHIEREHEL MF . BRILEH T
Cys-90. Cys-152 BREPLIIEBRENT, 2T
BRILIERIBY OLORBELRBRERT A 6
RRETRITLIZEZA, X—F o — DM RS
BLRBIEBHBAL, TORRFBEESTET D
FEREGT
(2) FR w YA, RARFEBITRITD UCH-L1 DB
HERRAT

UCH-L1 %3 % K< gad ~VATIRMEIFIERERT
AARKEAIZF1F 5 LTP (long term potentiation) (D&
ACITBH AR BT RLERR G DDE DHERF
B AR IR R ATHEIL TWBI LA
ALz, ZBIELERSRRICT gad <V ADREEFE
BHESFARMBLEBRLTETLTNWLILHR
Hanhiz,

(3) #rAEpIBRAERE - FPEEAEARIZE1FD UCH-L1 @
BERERRAT

< ARFIRE RV RBRENTICEY, UCH-L1IX
SHEL - MR TS 1) Tl R LA 4R BT BR A
FUIHLRBRL TWAI L REN T, #IKIZRIT 58
Boy(kiX E11 IC86%0, E14 B —s 4720 E16
CARER 56N TS, E14 IZBWWTH,
ZVT7HRIITFER TEDHELIAE - TVRVDE,
E16 (ZiXZVTHRO LB HELLEZ BN T
%, nestin, TuJ1 LH B FEIRORERAIIEI4 LELI6 T
Bl inot, ZHICH LT, UCH-L1 ORER
JotERE, E14 TRABMRBBOFE TS CP(cortical
plate) LV R LB B AIEMBOFET D
VZ(ventricular zone)iZ3B\ TH#iL, #FIZEL6 Ti
VZ £9% CPIZ B TRE KIS S o7z, #EE
BIER MR DL # R A W BT 50 UCH-L1 i3,
Tujl BAEOBEHMTE T TAe< nestin DR
BB ICL R BL TV A IEMRFRINT, SHIT,
nestin BEMERTIT X {LBFEAR RAYIZ, UCH-L1 7%
FELTHAMBLL TWARWEBEAEEL, Th
LOMBE S ETHE, UCH-L1 BEHELTWD
nestin BRtEREBR I AR 2R R A3 4G < ABE DM RZ A3
BRBIZEZWIEMWRERE, ZOTEH b, UCH-L1
IR ARMREOMBLE LS EHES LRt
LTWAafEtEnExbhiz, 22T, BAR
UCH-L1 ##@Eaisiiiaic @ FEATIERY
fTo7-&Z%, UCH-L1 # AMEBL TI nestin 138
BEOEIBPEEILE o7, 20 UCH-L1 OFEHE
R ABEBERFHRIERIOL R o7, £,
UCH-L1 ®RBL TV V2 gad =7 XTRIT DA
HISREROMRERREORIE, REO~TrZTA
MORRIE#RL-HBOBREREORILIVBGAR
Dot

(4) UCH-L1 OKIEHKF OREfFAT

KiEi#EF D UCH-Ll EHEICHLTHPHETFE
BHLUMBEROKILRELRIEL, BELA
X AEBELRE S uy b ERILEZENET VL
D7 49T 1> T BT EITo72LTA, UCH-LI &H



BiIABREFICBOWTRRERED 2 BEEEL
Lo TWAERHELN T, ORI FER
EFNEDT AT A7 REHTIZE>TUCH-L1 R
BHIZE®R 4.3 nm, 829 nm OREERED 2 &
EEEE Lo TVAREBHLMNI o7, T A
BREEICLDETDERICITV UCH-L1 ERE
D 2 KIGEDEH A% ToT, TORER, UCH-L1 &
BEARD 2 KEEIXa~IyIR 43%, DB —h
24%, BH—2 1%, T H Lo 26%Thotz, H
W= RGO BRERKBOREICEE
THEREF TS 193M BRI HTNT S18Y 7Y
UCH-L1 BBECELTLPHEF/IABEETH
WaiTolz, TOFER, 193M E{v & UCH-L1 EH
EiZER 4.3 nm, E# 2.0nm O R FieEEFE M &
D 2 BiEkMEEELD, S18Y 28 UCH-L1 BB HEIX
RELERMITZLVERKRD 2 BEEELZL->T
WAERBALNICR T, F-RRIIToH A
RNEICIDBT I OLERICE-T B F— W&
DEBLREEFRHTIEBHERE, ZhHDRF%R
MR —F Y IR EDOHRREMERBOREIZH
#B4BTI/BERNL-6T UCH-L1 BEAEOY
TFIA—=E =L RNVOBEELEPHEF/NAR
BT Lo THLMTTHI LM H K,
(5) #EMRRIZI1T 5 UCH-L3 DHEGERIT
UCH-L3 R F AR~y ROME TIT A % 3B E L
f, EICRERAEICREL TV, UCH-L3 B
FREIVAOBBRIIEENDOERIOREETIX
BB EHE(LIXB LR85, 38
i CRMABANELEEN AT 12BH TIRRM
FRBIXIZIEH A& LT, TUNEL BHiEMARIE3:Eim Ll
B2 Ti3 UCH-L3 Bz F X B~V XD TR
KERZHEMLTWE, EFRBHEIBNT
UCH-L3 BfEFXB~YADORMIAEICZERE
MBIV NITORESBERIN, JURTD
LA ECRPL TV, 72, UCH-L3 &
F RV ATIIRABATICEBIEAN R ERT
COX. Mn-SOD. AIF DSBS A o7z, H A
PIKGEHT Bh— 2D~ —H—Tdh5 caspase-1 &

E MR caspase—-3 DREBLE LU cytochrome—C Dl
B ~DOBITIIRDLNR N8, HAR—Y I
KEHETRb— ADFEE L7725 Endo G DA EHHL
B~DOEBITRVBBEEENT-, ThODHERLY,
UCH-L3 Bz FXRB~VADRMAAZEL, IhaF
Y7 DEALLB{LAN R2—Hh—D LB EHEIH R
N—PIHEFHET RE— A THHI LN REIN
7z

(6) HEMZ 1T 5 UCH-L3 D&EIZH

UCH-L3 RIBARTTROHEMIBEEZEEZR-T
BARMBIRAOFMIIHERERLTNDILY
L7,

(7)UCH-L1, UCH-L3 D #EHI 13D BA %

BRI $E STV a#EfE{k UCH-L3 @ X #REEL
BT RREMBLY TET NVEBELE,
¥, MiRKEMAEZERTILEZALNSLEY 5
FEOTOENT —2%AFL, UCH-L3 ¢&(LE
# D docking simulation # iR 2 —% 3 8 TIT
ofz, EDER. BOREESHEELTRITS 10 A0k
SMERELE, £ZT 10 EOILAEPEERICA
FL . Ubiquit5in-AMC ZEH(ZL7- UCH-L3 D
X FUCBREECRIETRBLBRLTEN
WAL =LA 3 O e YA EREEZ T
LERHL, 72, UCH-LI D3 KT EDT —%
AV A B AFEL in silico drug screening D%
EREL, BERORIY—=v T kasa—2ZT
BRLELT=,

D. Z£

HRARE LN RHES A T — % R
P52 # > gracile axonal dystrophy (gad)=7ADJR
R&{=F4% UCH-L1 THAILx RHUE, fikEh
RUAM 74— I FHEBHHE R TEOLADID
S &SR RMEHT RAZEE T i, RabtdF
NALBEZEBEBLEFEECBEDoTWAILERTE
BRER Thol, TOHL UCH-L1 &4 LETD
RabtxF ALBFROEMFNBERICEB L
FEM RSN, FFEBILARFETIZ UCH-L1 HEH



EEAELL THEL. mEMRECREVTIME
ML DOBEEH BV TRT RV ABAER
prosurvival & AELHEERY 72T LAP R
DEFICEBCEDAZLBHALMIR T, ABF
RIITAOOREBICESNWTER, BELTEEYL
DT, BFEBEYIEEIX UCH-L1 2B R4 -5
AHBCHLBEDLoTWAILEERWEL, £
UCH-L3 2SR HRECEERRERFTHIZ
EETRTREBaACEF ALBEROSMEMBICE
FRAYENBRO—EEFHOLMIIL, EKE
T35 UCH-L1 O icBLy 77/
LAV TR B ICBAT T VR ET DI LA
Kk1-, 24E B OREEEIX UCH-L1 O RBH -~V A E
FIZRWT, BRFEESHOETEZHEL, LK
ZEOMRARENERLLTEILND VTR
ABHIC OV THETE2 2T mE B0
BEMEFFIZ UCH-L1 BRERINDLVHEELRFERE
fFotz, EHIZIXUCH-LI BFEMOEEL X —EH
BETHHAHEHEOENILERWESNE, BERE
EIZBWTRENRETO2EROREEILIZRE
&, UCH-L1 OER{LESHIX UCH-L1 ERDX—
Fo—hOMREBEDIREBERLE KL, i
DEBEBLOFHEENSEEIILERHL, Zhb
DFEAZDFITIT, tubulin LVOHBEREIROETFL
BERRICECTRALRVWEABLE TR TV,
F7-. BRLES. tubulin LOFRRICERRTI/EE
BEORECHRIILT, 7=, UCH-L1, UCH-L3
122V Tin silico drug screening ZE# L. UCH-L3
EBVTHE 5 FILAMOTIALEREMLEESR 3
BEFHICRETHILITEIILI,
INBIEMORERIIH X F AALEEER,

UCH-L1 & UCH-L3 &tz Ui i £ (ko
B F AN =R LDEAL P X F ALBER OB
FT=FY TSI I DB R BLOFT MR DOEELD
XTIZTHRERERERZTHLOTHo/LE
x5, 5ETEH TOBMERLSEUH T HiaE(L
ORFEFER T )b, TOF A —AOBEMPLELN
LB T B e A DRI BT B AAE AN BEL

R EXERFAIRBEF-BERERT
FHHTOILE21TO0. EROBREHELVOKRE
R BEZERICEITTHEREEN S MAEER
ST\ eELXLND, B EHSEDI TR
BEIBO T BB Lb T2 2R EDO R
ERITEIET TR BLLERMBEOMED
EHOEHBBERARZUHSHBE THD, FFRE
DGR BIIZNOHSHEFIOGLTEFNHIE
REORELVOEIZEH T 71T TRL ELDY)
BBRORHEV) T2 LR AT LIRS
s,
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Abstract

Here, we illustrated that the morphological structures of ubiquitin carboxyl-terminal hydrolase L1 (UCH-L1) variants and Parkin-
son’s disease (PD) exhibit good pathological correlation by a small-angle neutron scattering (SANS). UCH-L1 is a neuro-specific multi-
ple functional enzyme, deubiquitinating, ubiquityl ligase, and also involved in stabilization of mono-ubiquitin. To examine the
relationship between multiple functions of UCH-L1 and the configuration of its variants [wild-type, 193M (linked to familial Parkinson’s
disease), and S18Y (linked to reduced risk of Parkinson’s disease)], in this report, we proposed that these were all self-assembled dimers
by an application of a rotating ellipsoidal model; the configurations of these dimers were quite different. The wild-type was a rotating
ellipsoidal. The globular form of the monomeric component deformed by the 193M mutation. Conversely, the SI8Y polymorphism pro-
moted the globularity. Thus, the multiple functional balance is closely linked to the intermolecular interactions between the UCH-LI
monomer and the final dimeric configuration.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Small-angle neutron scattering; Ubiquitin carboxyl-terminal hydrolase L1; Structure in water; Parkinsonism

Although there are papers using neutron scattering to
study the behavior of proteins in whole cells, this paper is
actually about the conformation of a protein in solution.
The crystal structure analysis of proteins by X-ray has
advanced our understanding of the correlation between
biological function and structure. Small-angle X-ray
scattering and neutron scattering are useful analytical

° Corresponding author. Fax: +81 29 856 3202.
E-mail address: sachio@post.kek.jp (S. Naito).

0006-291X/$ - see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbrc.2005.11.066

methods to determine the configuration of proteins in
water, such as hen egg-white lysozyme [1,2], myoglobin,
hemoglobin, a-lactalbumin, ribonuclease [3], and bovine
serum albumin [4]. Recently, in the field of small- and
wide-angle X-ray scattering measurement, intense X-ray
beams became available at third-generation X-ray sources;
however, radiation damage to biomacromolecules is
acknowledged as a serious problem in modern structural
biology at room temperature [5,6]. The reaction of the inci-
dent X-ray with water molecules creates hydroxyl or
hydroperoxyl radicals that rapidly attach to the backbones
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and/or side chains of proteins. In many cases, the interac-
tions between the radical-activated proteins give rise to
radiation-induced aggregates connected to each other by

covalent and/or non-covalent bonds, such as cystine bond '

[6-9].

On the other hand, neutron beam generated from a
cold-neutron source causes less damage to protein solution.
Small-angle neutron scattering (SANS) experiments can
provide useful information regarding the aggregation num-
ber, shape, and dimensions of the structure [10]. The SANS
technique has been applied to analyze the conformational
changes in brain protein; amyloid B-protein fibrillation
[11-13] because SANS allows observation of amyloid
aggregates in Alzheimer’s disease without the anxiety of
artificial aggregation caused by X-ray radiation.

A topical and biologically important issue is the mecha-
nism of protein metabolism in living cells through the pro-
teasome system, ubiquitination, and deubiquitination. In
particular, deubiquitination is considered essential for neg-
ative regulation of proteolysis and for recycling of ubiqui-
tin from polyubiquitin chains [14). Ubiquitin C-terminal
hydrolase L1 (UCH-L1) is an abundant.multi-functional
neuronal enzyme (1-2% of brain-soluble proteins [15])
involved in deubiquitination [14], ubiquityl ligase activity
varied by the oligomerization in an aqueous solution [16],
and stabilization of mono-ubiquitin [17,18]. The disordered
neuronal functions linked to Parkinson’s disease (PD) may
be associated with accumulation of unnecessary proteins in
cells by a dysfunctional proteasome system. The partial
loss of UCH-L1 hydrolase activity in an 193M missense
mutant may contribute to the disease [15]. Furthermore,
an S18Y polymorphism may be associated with decreased
risk of PD in Caucasian, German, and Japanese popula-
tions [19-23]. The aim of this study was to clarify whether
UCH-LI variants exist as a monomer or multimer in water
without adding any chemical and physical modifications to
the cysteine hydrolase and, in particular, to discuss the
relation between the configuration of the variants and the
risk of PD.

Materials and methods

UCH-L1 variants preparation. Wild-type, 193M, S18Y, and 193/S18Y
double-substituted recombinant proteins were cloned, expressed in
Escherichia coli, and purified, as previously described [24). Protein con-
centrations were determined using the BCA protein assay reagent
(Pierce). The purified proteins were resolved by SDS-PAGE (sodium
dodecyl sulfate-polyacrylamide gel electrophoresis) under reducing con-
ditions and visualized by Coomassie brilliant blue R-250 to confirm the
purity. Each variant (0.85 mg) was dissolved into 1 ml of 40 mM Hepes
buffer in deuterized water (D,0O) containing 5 mM dithiothreitol and
0.5mM EDTA.

Small-angle neutron scattering. Small-angle neutron scattering was
undertaken at the High Energy Accelerator Research Organization using a
wide-angle neutron diffractometer (WINK) installed at the pulsed neutron
scattering facility, Tsukuba, Japan. The energy of a cold neutron beam at
Ai5 0.5-16.1 A, while the neutron wavelength using a SANS measurement
by WINK installed at KEK, is ca. 11-80 meV. We obtained good scat-
tering curves in the momentum-transfer ¢ range of 0.03-0.15 A~'. Here, q
is related to the Bragg angle (¢) by ¢ =(4nl)sinf. For every pair of

solution and solvent, the scattering intensity was measured as a function of
g and the transmissions for the neutron beam, Ty, and Ty, After
background (noise) and normalization corrections, intensity data recorded
on the two-dimensional PSD were radially averaged, resulting in scattering
functions of I(g)so1n and I(g)son- The scattering for the solvent was sub-
tracted from that of the solution based on Eq. (1).

1(q) = (@) otn — 1(9)sonTsoin/ Taots)- )

SANS data analysis. We obtained homology modeling structure
information [(the atomic coordinates of the protein in the Protein Data
Bank (PDB)) of human UCH-L1 from the highly homologous (57.7%
identity) -human UCH-L3 crystal structure [25) using SWISS-MODEL
[26-28]). The theoretical radius of gyration (Rg = 16.5 A) of UCH-L1 was
calculated using the CRYSON program by Svergun [29,30] and the real
radius, R, was calculated to be 21.5A (R = v/5/3Rg). In this measure-
ment, the concentration of UHC-LI variants (0.85 mg/ml, corresponding
to 34 uM) was sufficiently below C*, the critical concentration, meaning
that the molecules can disperse as a single molecule in a solvent. When a
sphere protein having radius R disperses in a solution, the scattering
intensity is described by

. 2
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where ¢ is the momentum transfer. However, the actual SANS curves of
UCH-L1 variants reflected that of dimer rather than monomer. Then,
we assumed the dispersion of monomeric or dimeric and rotating ellip-
soidal particle (short axis, a; and long axis, b and ¢, a < b = ¢ or short

-axis, a and b; and long axis, ¢, a=b < c) and obtained theoretical

SANS curves by applying the following equation of Debye [31] based
on the scattering intensity from correlations between one or two non-
spherical bodies:
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where r;; is the distance between any two points in the protein molecule,
and f; and f; are the scattering lengths at each point. We assumed that
the volume of the particle is retained even though the proportion of the
long axis and the short one is changed. In the ¢ range of the SANS mea-
surement, we assumed a constant scattering factor in the UCH-L1 vari-
ants, and thus divided the rotating ellipse by the resolution of a 5 A
cube. We confirmed that the scattering curve of a spherical monomer ob-
tained from Eq. (3) resembled that from Eq. (2). Therefore, Eq. (3) can be
applied not only to the monomer but also the dimer. The scattering inten-
sity, calculated from Debye's equation [31], was evaluated by the following
equation:

7o Zallmie(g) —n - 1(@)g*}
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where m is a scaling factor, n is a background factor, and I.(g) and /.(g)
are the experimental and calculated scattering intensities, respectively. The
factor, R, becomes minimum when the parameters, m and n, are changed
{29,30].

Circular dichroism. Circular dichroism (CD) measurements were
performed as described previously [24]. Purified recombinant human
UCH-LI1 and mutants were adjusted to a concentration of 8.7 x 10™* M
and dialyzed against a 20 mM Hepes buffer (pH 7.8). Far-UV CD
spectra (195-250 nm) were recorded in a l-mm quartz cuvette on a
Jasco J-820 spectropolarimeter (Jasco, Tokyo, Japan) equipped with a
temperature controller by scanning at a rate of 50 nm/min at 20 °C.
For all spectra, six scans were averaged. All CD spectra were corrected
by background subtraction of the spectrum obtained with the buffer
alone and smoothed. The observed ellipticity was normalized to units
of degrees cm? = dmol. The spectra were analyzed for percent second-
ary structural elements by a computer program based on an algorithm
that compares the experimental spectra with those of known proteins
32}
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Result

Characterization of purified recombinant human UCH-L1
proteins

To avoid artificial polymerisation among proteins by
disulfide bonds, we carefully purified wild-type UCH-L1,
193M (linked to familial PD), and S18Y (linked to reduced
risk of PD), and 193/S18Y double-substituted recombinant
proteins (Fig. 1A) under reducing conditions as described
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Fig. 1. Characterization and analysis of purified recombinant 6HN-
tagged human UCH-Lls. (A) Schematic representation of 6HN-tagged
human UCH-L1 wild-type (WT) and mutants 193M, S18Y, and 193/S18Y
double-substituted recombinant. The numbers indicate the amino acid
residues of the N- and C-termini of UCH-LI1 (open reading frame). The
positions of the point mutations are indicated. The N-terminal 6HN-tag is
shown in white. (B) Visualization of recombinant human UCH-L1s by
SDS-PAGE under reducing conditions and Coomassie staining. One
microgram of each sample was subjected to analysis. The arrow indicates
the 28.9-kDa 6HN-tagged human UCH-L1 bands. Mr, molecular weight
markers (kDa). (C) The crystal structure of UCH L-1 was modeled after
the crystal structure of human UCH-L3 [25] using SWISS-MODEL
protein modeling [26-28]. The residue 93 is proximal to the active center
(C90), while the location of residue 18 on the protein surface, distal from
the active site.

previously [24]. SDS-PAGE showed a single 28.9-kDa
band for each of the 6HN-tagged proteins (Fig. 1B) in
good agreement with the theoretical 27.8-kDa molecular
mass of the 6HN-tagged UCH-L1. The expression levels
for the wild-type and variant UCH-L1 proteins were equiv-
alent. The residue 93 is proximal to the active site (C90),
while the location of residue 18 is on the protein surface,
distal from the active site (Fig. 1C).

SANS analysis of tertiary structure of wild-type and human
UCH-LI variants in water

SANS curves of a protein mostly reflect the characteris-
tics of the aggregation number, shape, and dimensions of
the structure. The experimental profile for the wild-type fit-
ted well to the theoretical SANS curve (calculated from Eq.
(2), based on the distance between the center of the two
particles being 43 A) of the dimer consisting of the two
spherical monomers rather than that. of the monomeric
one (R=21.5 A) calculated from Eq. (2) (Fig. 2). We noted
a rotating ellipsoidal monomer and dimer when the axis (a)
was changed by the resolution of a 5 A (Fig. 3A) and cal-
culated the theoretical curves by Eq. (3) (Fig. 3B-D). The
ambiguous difference between the theoretical SANS curves
of the rotating ellipsoidal monomer (Fig. 3B) and the rotat-
ing ellipsoidal dimer (Fig. 3C) was observed in the ¢ range
of 0.03-0.1. However, I(q)gimer markedly diminished in the
g range of 0.1-0.15, and then reached the first minimum
value at ¢=0.15, although the scattering intensity
(1(@)monomer)> gradually declined with increasing g value.
Thus, the characteristic decrease of the scattering intensity
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Fig. 2. The relative neutron scattering intensity (/(g)) versus the magni-
tude of the scattering vector q. I.(q) for the wild-type UCH-L1(black
closed circle). The blue lme indicates theoretical curves; I.(¢g), monomeric
sphere (diameter = 21. 5A calculated from Egq. (3), based on the R

= /5/3Rg) value obtained using CRYSON program by Svergun
[29,30]). The red line indicates theoretical curves; I.(g), dimeric spheres
(calculated from Eq. (2), based on the distance between the center of the
two particles being 43 A).



