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Structural basis for Ca**-induced activation of peptidylarginine
deiminase 4 (PAD4) and histone N-terminal recognition

Kyouhei ARITA, Toshiyuki SHIMIZU, Hiroshi HASHIMOTO, Mamoru SATO
International Graduate School of Arts and Sciences, Yokohama City University

1. IZLsIC

BERAEYIO DNA X, b A RV UEK [IEEO e A k
> H2A, H2B, H3, H4 7% (H2A-H2B),(H3),(H4), D J\ &K %
B HIEBE RO T] ICBEDNT, X7
V—LZEERLTWS, gD X > (H2A, H2B, H3,
H4) O N RIFEEII R E - I ik iE % L 50T A
kB ENBZEEH TS DT, 7eFIVE, V VgL,
aeFF Ak, AFI)IUbE EDIER GO BIR%E
B 2% %, TOXI% A > N KiniE O
AR, X7 LAYV —LBEAIRICIIATZZ o< F
v R OREE XA 2y I LT TEIETD
FHHZHFMHLT0BDD, &, B A>DY LY b
HROBRBEME LTHEHENS XS Ik T,

t A MDY ML {kilX, Peptidylarginine deiminase
4 (PAD4) 1T K> T Ca™ IRAFHNC 77 )V F = VR EL D B A
S /MEEN TR T % (Fig. 1)o PADIE T E TIC 5 MM
D7 AT 4 —L (PADI-4, PAD6) HFRIEINTWVS
B, FOHTHE— PAD4 D B DEFEITT 7 F )V (nuclear
localization signal: NLS) 72 U CHIlROEMICIFEL, &
ALrDT ML) MBS L TWa 1], PADICK % X
VRTEDY MV MBIE T IVF Z B D E R 2 T
KERZDT, 2= bz 2280 B mE RIS
DD F & OHAFRAMNZL L, MTEANOR 4 ZFkEEIC K
TR KT (2],

PAD4IC KB A LDy ML Mbid A FI)Uk &5t
LCEETREZHFFL TS (Fig. D (3, 4], T, A
k> H3 D Argl7 & H4 D Arg3 137 1 Z 4 CARM1 (cofactor
associated arginine methyltransferase 1) & PRMT1 (protein
arginine methyltrasnferase 1) 1K > TY A FIULENS D,
INEDFNMAFIALENZ LA Ty LT 2—
ENUIEENEEILE NS (5, 6], — /T, PAD4 kb
A k2 H3 D Arg2, Arg8, Argl7, Arg26 35K T H4 D Arg3 7
VI AL BH, AR H3 D Argl7 LB X N2 H4
D Arg3 WY MLY Ak EN% L CARMI & PRMT1IC K5
AFIEDHFEENS, Fiz, EKH S LIC, CARMI
EPRMTLICK B 7 IVFZ VB DI AF )V LITE S AF
LR T 2D, PAD4IZTDE/ AF)UkEN=T

JVFZ RS Y M LY) AL, FERICE S/ AFIUEE

N7 IWVFZUREE A F )T % (Fig. D [3, 4], & A

kDA F IO BFRRZIERIC LN TZET, ThE

TE RN YOPEAF LK ISz s 2 FEEIE RO -

TWighho ey, B/ AFIULE N7 IIVFZ UiEe Y

MV MET BT EARENTZT EICK > T, PAD4 I3k
AN YVOBAFIICEEG T 29D TOREEL LTEE
HENa Kol ko7%,

—J, ZYINTEDOY FVY ALIZBEETD O F L B
CEELTWS, BIFiY U< FIRRE0N « BREE 2 BRI
Ko THEFEEDESHEIICH ZEKTRIENEL, F
RRE OS2 RO A OERETH %, PAD
E ) T L OBE T,

D 2y LENRIC UMY U~ FREEEE T 0
KIREr — 2 a > b a— )V HET 5, PAD4 EIx
T RICBETY O FIREZ O —IFERZ RN RO o 2
(7],

2) PADBXUPADICK > T VY MbE Nz &2 87
BWBET) T~ F OB TH 2P L TV B,
3) B < FOFIEICES-9 % FEHRRGE G R E SR

[MHC II (HLA-DRB1*0401)] &< hL Y MERTF R

EEWVBIRIME 2R T,

4) B < FOEFIGEEN) U< FICRERNEH AT
WEREELTVEH, WIFNOHOHAE PADICK >
Ty vy AbEn=2 2378 %IEBC (HEHE
ELUTERRL TSI N T 5 (8],

TEn5, PAD4A WY U FDFERNZ VISTETH 3

T EHIREN, PAD4 OFEMEHFANIBIEREETY v~ F D

AN IBRERIC R 2 D L IF SN TV 5,

L EDEXSIC, PAD4 DHEIE & BERED BRI Z 0 5 T
5T L3 A MEHIC K % s G TS OO fiiH > B i
U IR FOFHIEEEORICE DO THEETH S, T
T, AKiTIE PAD4 O X i HSEMRHT SIS M EH
72 LR OTEM B 0] B L U e R b VB O
THMT I % [10]
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Figure 1

Transcriptional regulation by histone arginine citrullination by PAD4 and
methylation by CARM1 and PRMT]1.

2. fERbE XEREERIEERIT

PAD4 E KIGHOFHERTRBICHE N, 77 1=
TA—HNITLBXOAZFT AT LTEEICKHEN
7o Ca JERE ST PAD4 O LIE NV F T Ray 7

FOL DS 5

KAu(CN),, K,PtCl,, LuCl, THHE N7z E 7 FaAE AR
Z FU 7z MIRAS 1 (BE B2 SR U - 2 E R EGEL)
TIiioTze Fiz, Ca 551 PAD4 & Ca™ f5 41 PAD4-
S (benzoyl L-arginine amide: BA) & ADH I, PAD4
D C645A NEWZRAKDIERZZNETN Ca™* BXU Ca™
EHE BA Z B UIAIRICIRIE L TR LTz, 7235, PAD4 ©
CO45A RIEMZFA [Ca™ JERG Y PAD4(C645A) ] DFEHL
BRUKEREIE Ca™ AT PAD4 LRI UL Tl 1o 7,
—75, PAD4- & A kU RTF FEESAROKMIE, ca™ JE
FEE7 PAD4 (C645A) Db Ca™ (7 FENTNL R
N2 H3 D Arg8 ZZTBRTF R, ANV H3D Argl7 7z
HGURXTF R, KU XY H4D Arg3 ZHBXTF R
ZFUTRMRICTIRIE L CHE Uz, Table 1 ICHE 2T —
2B XU RIPTEET— 2 L RS L OMHEZ R~ T,

3. 2@F8E
Fig. 2a IC PAD4 D2 {AKEEZ7/R9 . PAD4 (E2 DD R A
> [N Kifi K A4 > (N-terminal domain) & C K B X

ZREHEEGE T, 0.1 M Imidazole pH 8.0, 0.2 M Li,SO,,

4 >/ (C-terminal domain)] SRR TN, ZFORITHEWL

8 % PEGMME2000 O 5&{f: T i 70 A RE D X it it W g —VIRTH %, Ca™ iF Ca™ K37 PAD4 B K U Ca™ 4
ICE LIS E S iz 1], REGEMEATIZ EMTS (Ethyl 57 PAD4- B BA A ARDRE BT — V) ZKA 5
mercurlthlosahcylate), TMLA (Trimethyl lead acetate), SOMEREN, ZDH5E 3D NKim R AL I, KD 2
Table 1. Crystallographic data, and data collection and refinement statistics
Ca’*free Ca’*-bound BA Peptide H3-1 Peptide H3-2 Peptide H4
PAD4 PAD4 Complex Complex Complex Complex
Crystallographic data and data collection statistics
Space group 2 2 2 C2 2 2
Cell dimensions
a(A) 144.6 146.4 146.1 146.3 146.1 146.2
b (A) 60.4 60.1 60.0 60.8 60.1 60.6
cA) 113.4 115.3 115.4 115.1 115.7 115.2
B 123.6 124.4 124.2 1243 1243 124.2
Resolution range (A)  33.42-2.80 50.00-2.60 50.00-2.30 50.00-2.00 50.00-2.07 50.00-2.25
Total observations 93,345 127,227 273,837 233,822 222,220 153,298
Unique reflections 38,041 24,864 36,718 55,675 47,513 39.724
Completeness (%) 97.6 (98.3) 96.2 (96.8) 97.9 (93.5) 97.7 (96.2) 92.6 (63.9) 98.3 (98.2)
Riperge (%) 4.6 (26.1) 5.0 (36.1) 5.021.7) 5.6 (39.5) 6.2 (33.3) 6.1 (34.5)
Refinement
Resolution (A) 2.80 2.60 2.30 2.10 2.10 2.25
No. reflections 17,603 22,280 32,646 43,126 41,436 35,325
R /R (%) 23.1/26.4 22417269 21.1/252 20.2/24.1 20.2/24.6 19.9/24.8
No. atoms
Protein 4,382 4,745 4,951 4,952 4,937 4,943
Substrate 0 0 20 39 40 37
Ca™ 0 5 5 5 5 5
Water 0 64 162 224 191 154
R.m.s. deviations
Bond lengths (A) 0.019 0.017 0.014 0.012 0.012 0.012
Bond angles (°) 1.894 1.662 1.595 1.465 1.468 1.622
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Figure 2

Overall structure of the substrate complex of Ca**-bound PAD4 (C645A).
(a) Ribbon representation of the monomeric form of the substrate
complex. Five Ca®* ions (Cal, Ca2, Ca3, Ca4, and Ca5) are shown as
black balls, and the substrate, benzoyl-L-arginine amide (BA), as a dark
blue ball-and-stick model. Sub-domains 1 and 2 and the C-terminal
domain are presented in yellow, green, and red, respectively. The putative
nuclear localization signal (NLS) region is shown by a dotted line. (b)
Ribbon representation of the dimeric form of the substrate complex. A
crystallographic 2-fold axis runs vertically at the center of the dimer.

(b)

Figure 3

Structures around substrate and Ca** binding sites in Ca**-bound PAD4
(C645A). The substrate, benzoyl-L-arginine amide (BA), is shown as
a green stick model. Ca** ions are shown as yellow balls. (a) Structure
around Cal, Ca2, and the substrate, benzoyl-L-arginine amide, in the
C-terminal domain. (b) Structure around Ca3, Ca4, and Ca5 in the
N-terminal domain.

DIE C A R AL VICHIEE NIz, ThB 5DD Ca™ i
WIFNEEFNY FEIFRESZEF—TTHRELTED
(Fig. 3), BEHIO Ca™ fi& 2 >80 E & DR 351, C il
TG oD, £z, FHE BA OFEFEEE C K KA A
2D 2 D0 Ca™ DILFHFICHER S Nz,

%7z, PAD4 TV T NOFERICE N TEFERFANE 2 (Al
I CEEMN T 5N E S 1 DDHFITHE L T = (Fig.
2b), TD2HRTDNTRIETIVARBRIOR NI T T 4 —
N UBIEEELORS R & &£ —8 L, F/z, ZTORIRIEXR
INBEELIEIC K o THE T NTARD FRBEVA G IS & — 2L
LTWADT, PAD4 IFASHPCTiiEL T3 2701 (2
B THRET R T EAVRKBE NS,

FOL DS 5

4. NFKiFRAAL>

N Kb RA A E 1300 FHDOT 2 /B SR EN
TWb, TORALSVEEIBIZ2DDYT RAA Y (sub-
domain 1 & sub-domain 2) IC53F % T LW TE 3 (Fig. 2a),
sub-domain 1 & sub-domain 2 (& & &ICE T a7V VEED
W5 7% £ D, sub-domainl 1213 *PPAKKKST® &\ 5 &K
1770 (NLS) BFHEL TV, TOMHEEIE2 DD
B-strands 7§ 5870 -2 0 0O )V — THEHBICIFEE L TV B,
WINDOFERICENTE T DL disorder L TWTZD
BFBIEIIMERTE R o, Fiz, BHETHRNZEE)
U F KD — R L T G558, V82A, GII12A &\
57 2/ EEMESERTTH, TNEDOT I/ BiE
BV 1Z 97X T sub-domain 1 IZJHfEL, C ARl KA A VIlFE
T 21N (D) hSidEdEnTVwd, 51,
G558, V82A, G112A DEHUE Ca™ DF5E S 2 BIAIE KIS
L5 L TVARVDT, TNHOBEY U FEZ D —
HRZ AT PAD4 DIGTEICITEE L EVWE D E bR b,
—J5, sub-domain 2 D5 F-RIANTIE 3 DD Ca™ WMV T A
Z—FIEH L THE LTV (Fig. 2a), T OMHEBIZ Ca™ JE
G PAD4 Tl disorder LT3 A, Ca™ 547 PAD4
BEU Ca™ #5518 PADS- FEEE AR TIE Ca™ W53 %
T LI b EN, a-helix BEED AL SN T3 (Fig.
3b), Ca™ OFEE(ENAIICIE Asp388 & 153 HHM S 179 T
HOMMO T 2 IS L TWSH, Asplss = Aspls7
R Aspl76 DX HI—DDT 2 /DT & BN EE D
Ca™ ICENI T AR BRDEND, TDOXI R Ca* DT T
A2 =T LT R S BRIECH G % RN Protein
kinase C(PKC) D C2 R AA VI B iR&H 5N S, PKC D C2
R AL & Ca fEEIC K B ERImEMOZEIC K> TY Vs
BEOFEEDHIEE N TWAED, sub-domain 2 D Ca™ 75
AR —DEPIEENIEEEREIT £ 72 K < Do TR,

5.CRIERFACY

301-663 HHD Y I/ EHREMNS 5% CRIfi F XA
(Fig. 2a) 1&, o/p 7"HXRT K & FEIE N 2 HALLO 5 [l
TR 5N S 5 DD BPap module H SEEK T LTV
% (Fig. 4)o o/p 7EXRIHEEIL, L-7IVF= 22 L- ¥
MV IC 2449 % arginine deiminase (ADD [12] % L- 77
WEF =2 &) 5 guanidinoacetic acid & & ik T %
arginine:glycine amidinotransferase (AT) [13] 7% & @ L- 77 )L
Fo VBRI BOTILRICED b NAIETH S, T
D o/ TARTEHEDPLERICE 7 L7 RHEREN T
T, HEEBA L1 DD Ca"Cal) BMEBF LTV, £9 1
DD Ca™(Ca2) & 2 FHFHOD Bpop £ 2 — /b (modules 2, Fig.
4) @ o-helix & B-strand DRICHER S Nz, &, Cal i
¥, GIn349, Glu353, Glu41l O Il $§ & Phe407 & Leu410
DEFEIIVRZIVEEZE L 2 DDOKTFHEANIL, Ca2 i
Glu351, Asp369, Asn373 OHIEH & Ser370 DT A VA=
VR L 1 DK T UL L TV (Fig. 3a),

Fig. 3a I FE BA 8ROk 72 /R 9. FE BA D7 )L
Fo UMD YT =Y HOEREF T 2 DO
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Figure 4

Ribbon representation of the C-terminal domain in the substrate complex
of Ca**-bound PAD4 (C645A). Five BBaf modules 1, 2, 3, 4, and 5 are
colored light blue, red, dark blue, yellow, and orange, respectively. The
substrate, benzoyl-L-arginine amide (BA), is shown as a green stick
model. Ca* ions are shown as yellow balls.

B Asp350 & AspA73 IC K> TR T N, Z DI
Cys645(Ala645) & Hisd71 B i L TV 5, iz, 7V
Fo D T )V F)VE (-CH,-CH,-CH,-) D53 IC &
Trp347 & Vald69 & DBHUKINIEAHF/EH B BH 5N %,

)5, FE BA OB TIE, BAOTIVFZVDHIVAR
ZIVEBE L EENFN TN Arg374 & Arg639 D TV
RV EIKFEEEZIEM L TWVWB, £, BA 0)/\/ }/r
JVEED F1 )V R Z)VEEZR & Arg374 DRIC & IKERE S DR
5N %, PAD4 G2 NI BEHO T )VF = U5k («7%‘
VIWTIVEFZ V) BRBEE UCERET 5N, WEko 1L- 7
IWEZ IR LRV, TR BA DXV Y A )LD
J1)VRZ ) VEEZRICHYS 9 5 8 %\ﬁ%ﬁ@ L-7IVF =S
BFAELIRWZOHT, TOEGT D) Falikh PAD4 DOEH
R ORFRMICEETH B T EHRBE NG, £, K
HEBA D7 IWVFZ UMD T 7 = o % i8S B 5%
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Active sale

Electrostatic surface potentials of Ca**-free PAD4 (a), Ca>*-bound PAD4 (b), and the substrate(BA) complex of Ca**-bound PAD4 (C645A) (c). Surface
colors represent the potential from -10 k,T" (red) to +10 k,T" (blue). The substrate, benzoyl-L-arginine amide (BA), is shown as a green space-filling
model. The acidic concave face and the active site cleft are marked by green and yellow circles, respectively.
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I8 & (N-2) DFEFHEDMIEA7ZF T [ RXRTF K H3-2 D(N-2)
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Structures around the active sites of the Ca**-bound PAD4 (C645A) in complex with peptides H3-1, H3-2, and H4. Left, ball-and-stick representation of
the structures. The protein moiety is colored grey, and the peptides, H3-1 (a), H3-2 (b), and H4 (¢) are colored green, magenta, and yellow, respectively.
Superimposed are |F | - |F | electron densities of the peptides, contoured at 26. Right, schematic diagrams of the structures on the left. Dotted lines and
green half-circles show hydrogen bonds and hydrophobic interactions, respectively.
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Figure 7

Histone N-terminal structures. (a) structural comparison of PAD4-
bound forms. Peptides H3-1, H3-2, and H4 are shown as ball-and-
stick representations colored green, magenta, and yellow, respectively.
(b) top view of the peptide H3-2 structure shown in (a), together with
a molecular surface representation near the active site cleft. The weak
intra-peptide interactions between the backbone oxygen at (N-1) position
and the backbone nitrogen at (N+2) position are shown as dotted line.
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High-Throughput Characterization of Combinatorial Thin Film Libraries using in situ
Synchrotron-Radiation Photoemission Spectroscopy

Hiroshi Kumigashira and Masaharu Oshima
Department of Applied Chemistry, The University of Tokyo
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Figure 1

A schematic bird’s eye view (top) and a layout diagram (bottom) of the
sample entry, preparation, combinatorial laser MBE, and photoemission
analysis chambers of the "in situ synchrotron-radiation photoemission +
combinatorial laser MBE system".
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Schematic of combinatorial photoemission analysis of valence band for
laser MBE grown La, ,Sr,MnO; film libraries.
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Thickness dependent photoemission spectra near the Fermi level of SRO
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Figure 1

A schematic view of the imaging system based on a two-crystal X-ray interferometer (TXI).
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Table S1

is used to adjust the interferometer to satisfy the Bragg condition against the incident X-ray. Table S2
and the tilt table carrying the crystal blocks are used to adjust the 0 and p rotations, respectively.
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Table 1 Main specifications of the imaging system.
17-35 keV
60x40 mm at 17 keV; 25x40 mm at 35 keV

X-ray energy

Field of view

Spatial .

resolution Approximately 50 pm

Densit Approximately 0.7 and 2 mg/cm? for three-
Y dimensional measurements for 3 h and 40

resolution .

min

Figure 2
A 60 x 40 mm interference pattern obtained using a 17.7-keV X-ray. The
best visibility was 60%, and the average was 50% [21].
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Figure 3

Chart over time of the voltage V applied to the PZT of table S2 and the
positional fluctuation of the fringe pattern.

77 40— RNy ZHENC XD EE R T s 2T 5 T
4 — RN\ IV AT LA T VD, TDT 24— N
W YAT LTI, 20 AT —YDRY T R T RO
NEBEZEE > THNZ T EERIH LT, THREOMED
WIC—ELRD L1, A7F—YBEIHOEEZFICHN
LTWAEFZHIEL TV, Fig. 3127 1 — K23y Ziil
BO—F7Z~d s HARER], el EESRFICEHm L7z
EBIEE THEOMETNTH S, HlfHIL—7 (FHHROE
BoEEFE O H—>EBEOHM) OFEH 2 BT, X
Hicld 1500 )V— 718 (50 70fE) DO THBZRLTH %,
:@%%#5,74—Fﬂv7ﬁﬁu;0mmﬁf%mﬁ
IS T 2 C LIk > T, THEONBELH %I

Emﬂ?%fwéz&ﬁb#éoﬁ,ﬁ%§ﬁ®¥ﬁ$@

SEME LTRSS Eid n/15 rad TH O, —AHIXHR
TRt L I ZIIAREOLEEIEENTVS, £z, TD
L ER ST Oy JROMEICHET % & 0.03 nrad I
49 %,

R R ORIAENIE, Fig. 11SRd & SIS TEk& FAIE
DAT—VRECIIEED SINL UM T L — LT
ENTCAT—VFHC K ONIERDT BHE L U, SRR T
N OFEE) - BIHEHRAC A U 2 B A iREI D T Ic 5 2

WEREHL TS, TOAT—VRHEFR T L—LE
DN 72 x-y L=V &K O Rt EnTEET, iR
FORZEDMNBEINRD ZRAIITH TN TES, Ft,
PR R T =Y ORHCIE T By F AV FHARITTH D,
5, CT, invivo 75 EXFOMNIEEICIGUT2Y > T IUKR
WR—ZROIF BT ENTES,

BE, AT AT L& PE O BL-14C1 THEH LTV, T
DE—LTA VDOMHPUIMEL Y A 75 —"T, C—LIIHIT
FICHB LIz —LE > TW5, Fig. 1 1SnRLiz&S1C
AR AT LNOIERFRGS fb N O a1 i (& il /5 16 T
HBDT, TOL—LEMEORZTIBLEEIFIFATSC
EMNTES, —7, RAEBHASEZERE LIt —LT A
VTRRTEICHEM LI E— LR > TWB DT, BTk
DOIERINRKEL AR AT LB RAETH D, £,
T OSBRI Z 5 T DI F 32 90 [ [a]iE & BTl
P ZACET TS LA TR, Tt HMER S AT —
¥ OBREH TN TEIE T & 75 B 1 DI R IREN 5 O 2 %

FOL DS 5

2F9 <, Y7 nrad DALEROFGERIUIH LV EE R
5N%. UEDD, KYAT LEHIE Y 7 Z—DE—1
T4 (BL-14) X5 TEOEETHZLESENTE S,

3. REBEOZEFE in vivo HE

AAR=I VT VAT LENT, X— R 2O
I « E X B T-REBICHIER 215 L, Z ORI
BEZEEZEE (nvive) 55 T EROTHIZE LTz
RICOWTHINT B, R0 & LRI NE Uz
[iE DT & T, TTTERX— R ADORK FICEEk (K
W) 2 ES TREAATT THRE S B ce COMRIEEFERD
AL TROHTIIRZE LTV B DT, invivo TREZRFIR
DFHENTE S &V TR D O, HUEAIDOFHNEIC LA
CHHEN TV,

IR ZRTTBIE T 5 1H1C1E, X— R A% X
ICRFL T 180 [EIHIHE & & B BEME-e, KA Z/KPICIRRFS
DRI IR D, FT T, AV AT LTI Fig. 4 1SR
TEHOY Y TP FRNVE—ZBFEL, #HHLTWS, TD
BRIV E =D TR G T — 78— DN T2 RBERT TH
D, TINLEDHNFITMEMBEIICE>TWVS, &
Tz, MHRIC K BREDMEAE DT DK HIR LI X BBIRD
ZARRIRT B 720Ic, T— 7T K OO F B %
BEELTWS, YT IVFIVE—EHICET 2y F A2 b
ERITHO, TRy FTHRIVE 2% RS S A5
XT—‘LWDHHBhé&v IZ> T3,

Fig. 51, 3 HRICUE > THUIEA] (Paclitaxel) Z#: 5L
fo & ORISR Z/Rd, TT T, Table2lT/RL
AT L H LRJPEL, HERIChEAZRS Lz, &
EREOELRIFH 10 mm, BE 5mm THb, HRHOERED
iz, EMEEEOEEZRL TS, TOMENDS
BREICITEOREZIHIZ E A EZ(ELARWVD, W%
FEM 2 ~ 3 HECMF CRIC b L, FISREORAE

.'ﬂ-:l':.'-rr‘.'m'rrhrr

Figure 4
A schematic view of the setup for in vivo three-dimensional observations
of cancer implanted in nude mice.

Table 2 Experimental condition of in vivo observations
35 keV

X-ray energy
Subfringe analysis 3-step fringe scanning method
Exposure time 1 s per interference pattern
Number of projections 200

Total measurement period | 40 min
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Figure 5
Three-dimensional images of an implanted cancer on each day. The low-
density area (green) near the center spreads out day by day.
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Figure 6

Vertical slice cancer image obtained using phase-contrast X-ray CT
(a) and HE-stained image of the same slice (b). The low-density area
corresponds to the cell death area in (b).
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Figure 7
Phase-contrast CT images of the brain of a PSAPP mouse (a) and a control mouse (b) at the ages of 12 months. (c) Schematic
figure of mouse brain.
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Figure 8

Numerical filtered phase-contrast CT image of the brain of a
PSAPP mouse (a)and optical microscopic image of histological
section stained with polyclonal antibodies against AB40 (b).
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Three-dimensional images of AB40 spots in the brain of PSAPP mice at 4, 6, 9, and 12 months of age.
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Figure 11
A growth model of B-amyloid plaques arrived at by quantitatively
analyzing phase-contrast X-ray CT data.
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Figure 1

Crystals of the Emp46p and Emp47p CRD. (a) The monoclinic crystals (P2,) of Emp46p CRD (1-251). (b) The tetragonal crystals (P4,2 2) of Emp47p
(1-254). (c) The monoclinic crystals (C2) of Emp47p (7-227). (d) The monoclinic crystals (P2,) of Emp47p (7-227). (e) The orthorhombic crystals
(P2,22)) of Emp47p (7-227). (f) The K*-bound monoclinic crystals (P2,) of Emp46p CRD (6- 229) (g) The metal-free monoclinic crystals (P2,) of

17171

Emp46p CRD (6-229). (h) The Y131F monoclinic crystals (P2,) of Emp46p CRD (6-229). A black bar indicates 0.1 mm.
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Figure 2

Overall structures of the CRD of Emp46p and Emp47p. Ribbon models of the CRD of Emp46p monomer are shown in (a) and (b) which is rotated by
90° around a vertical axis. Ribbon models of the CRD of Emp47p monomer are shown in (c) and (d) as in Emp46p. Positions of the N- and C-termini
are indicated by red letters. The secondary structures are highlighted (B-strands belonging to the concave B-sheets, red; -strands belonging to convex
B-sheets, blue; B-strands belonging to -hairpin, cyan; helices, yellow) and the loops are colored green. The bound potassium ion is shown as a magenta

sphere.

Figure 3

K* ion binding site of Emp46p. (a) K* binding site of Emp46p. Residues
coordinating K* are shown in ball-and-stick models. Magenta sphere
indicates K*. Water molecules are shown as W1 and W2. Pink spheres
indicate Ca®* ions at the sites Cal and Ca2 in p58/ERGIC-53 [8]. (b)
Comparison between the metal-free and Y131F Emp46p structures.
The metal-free and Y131F structures are colored in yellow and cyan,
respectively.
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Figure 4

Phenotype of Y131F-Emp46p. (a) Isogenic wild-type (YPH500) and
emp47A emp46A (KSYO008) cells transformed with a multicopy plasmid,
a multicopy plasmid with EMP46, or a multicopy plasmid with EMP46-
YI31F were grown at 37°C. (b) The amount of the expressed protein in
each cell was estimated by Western blotting. The expression amount of
Y 131F mutant is almost identical to that of the wild type.
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LEVWE L BIEERER, STO7IVT 7y bRIRTHTAICELL A>TVED),
CTICETIEL, FHWMCICHBEDTRICHBHUH L LT X,

E EL LAL_LSQE
Hrs—UIM:LQEEEELQLALALSQSEAEEK

Figure 5

Repeating sequence of Hrs-UIM. Middle line shows the sequence of Hrs-UIM; top 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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(Appendix)

Table 1. Data collection and refinement statistics of Emp46p CRD

Crystallographic data
Data set
Space group
Unit cell
a/b/c(A)
al/Bly(©)
Data processing statistics
Beam line
Wavelength A)
Resolution (A)
Total reflections
Unique reflections
Completeness (%)
R, (%)

G

Refinement statistics
Resolution (A)
R
Rfree
R.m.s.d. from ideal values
Bond length A)
Bond angle ()
Ramachandran plot (%)
Most favored
Additionally allowed
Generously allowed
Number of atoms
Protein atoms
Water molecules
Potassium ions
Average B, (Az)
Protein (A / B chain)
Water molecules
Potassium ions

work

K*-bound Emp46p
P2,

54.3/559/71.5
90.0/108.3/90.0

PF-BL18B

1.0000

50 - 1.52 (1.57-1.52)
251 587

68 062

99.6 (99.9)

3.9 (36.7)

13.3 (3.6)

20-1.52
18.9
21.8

0.011
1.40

83.4
15.6
1.1

3485
424
2

19.2/21.4
30.3
21.7

metal-free Emp46p
P2,

54.9/55.8/71.7
90.0/108.0/90.0

FOL DS 5

Y131F-Emp46p
P2,

54.2/56.0/71.7
90.0/108.6/90.0

PE-BL6A PE-BL5A
1.0000 1.0000
50— 1.75 (1.81-1.75) 50— 1.55 (1.61-1.55)
170 170 224 664
45 402 64255
99.8 (100.0) 98.1(97.3)
45(35.5) 53 (38.1)
17.0 (4.0) 15.6 (2.8)
20-1.75 20-1.55
21.0 202

237 235

0.013 0.013

1.41 1.40

833 85.6

15.9 13.9

0.8 0.5

3488 3495

300 423

- 1
30.0/32.2 26.7/26.8
379 374

- 325

Table 2. Data collection and refinement statistics of Emp47p CRD

Crystallographic data
Data set
Space group
Unit cell

a/b/c(A)

al/Bly()
Data processing statistics
Beam line
Wavelength A)
Resolution (A)
Total reflections
Unique reflections
Completeness (%)
R .. (%)
I/c (@)
Refinement statistics
Resolution (A)
R

work

free
R.m.s.d. from ideal values
Bond length A)
Angle distance (A)
Bond angle (*)
Ramachandran plot (%)
Most favored
Additionally allowed
Generously allowed
Number of molecules and atoms
Protein atoms
Water mo}ezcules
Average B, (A")
Protein
(A /B /C/D chain)
Water molecules

Form 1 Emp47p
P42.2

70.31/70.31/100.14
90.0/90.0/90.0

PF-AR NW12
1.0000

50 - 1.42 (1.47-1.42)
652 089

48 179

99.6 (99.9)

5.8 (38.4)

14.0 (6.0)

10-1.42
13.4
19.2

0.012
0.030

84.9
13.6
1.5

1844
301

20.7

36.1

Form 2 Emp47p
2

72.5/65.0/41.5
90.0/96.7/90.0

PE-BL6A
0.9779

50 — 1.00 (1.04-1.00)
360 696

103 133

96.3 (88.7)

4.6 (24.9)

17.8 (4.9)

10 - 1.00
13.0
16.3
0.016
0.032

85.9
135
0.5

1773
320

11.4

233

Form 3 Emp47p
P2,

41.6/65.2/72.5
90.0/96.7/90.0

PF-BL6A
0.9779

50— 1.05 (1.09-1.05)
626 427

178 928

98.5 (85.6)

6.5 (38.0)

8.9(2.3)

10 - 1.10
135
17.3

0.014
0.031

85.4
13.8
0.8

3554
643

10.479.2

223

Form 4 Emp47p
P2,2,2,

39.5/129.7/170.1
90.0/90.0/90.0

PE-BL6A
0.9779

50 - 2.70 (2.80-2.70)
171 279

24787

99.8 (99.5)

11.3 (48.6)

8.7 (4.8)

20-2.70
19.8
25.8

0.013
1.33

77.6
21.2
1.2

6881
204

29.0/34.7/44.3/30.1

22.7
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WED |

THU | FRL |

SAT SUN

Time

9

9

I
THU |  FRI
9 T o T

o T T T J9 1 o

8 T ]

Operation

8 T
USER_RUN

I8
USER RUN

13A

138

13C

14A

14B

14C

15A

15B
15C

16A

168

17A

18A

18B

18C

19A

198

20A

208

27A
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28A

05G122
B\ 52

04G249
i

06G119
XiWB1)

04G250
E

05G151
06G118
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05G233
o

0652-002

B

—06

05PF-13
%

05G165
5

05S2-001
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WG

[ 06G084
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wo
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I

05G301

06G064

06G074

05G165
L2 3
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05G035
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WH(A2)

05G249

Setup

06G007

05G016
F
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l T l Xiao

Liu

I 06G045
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| M |
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a

mE [
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a
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N
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5/19

[ 5/20 5/21

MON

SAT |

SUN [ MON

Time

WED [ THU FRI
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TUE
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SUN
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USER_RUN
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05G100
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05G085
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Dat 5/22 5/23 5/24 | 5/25 [ 5/26 | 5/21 | 5/28 5/29 5/30 5/31__ | 6/1 | 6/2 | 6/3 [ 6/4
i) MON TUE WED | THU | FRL__| SAT | SUN MON TUE WED | THU | FRI__| SAT [ SUN
Time [ 9 | 9 [ 9 ls 9 1 o 1 9 | 9 1 I BT o T
Operation M USER RUN USER RUN
1A 0652-004 0652-005 0652-005 I 0652-004
3 Mt - S—
B oaczs B MESN) ool 07 o
1c 05G103 06G026
T o
2A BE
2c 05G095 oaczlm 0552-002
A 05G139 [ 04G256+05G158 04G256-05GG 158 05G128
aif B AB 2.3
06G025 04G188
3B 0
3c 04G259 04G259
k(2 EA(C2)
aA KEWE RE 04Ga37 04Ga3/ oc_rsgm
8 05613%
ac 04G244 06G039 05G008 05G008
HE ) fi
5A 05G074 056384 04G359 | 06G162 [ 06S2-006 05G291 04G365 [05G271|08G177 05G081 05G049 06S2-006
oA 04G373 | 05G292 | 04G360 . 0652-006 | 05G250
Ha# EL3 1# 2 Suh WE | Suh
A 04G320 06G014 06G014 05G098
biis. | it it E
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7c 04G295 J 05G030 04G282 04G287 06G099 06G071 05G216
WF 3.3 AE H3t AR
aA 06P004 i RE-SEER 0652-002 0652002 PN,
8B
8C FEHE #ERR
oA 06Y003 AR o-:ﬁ%u 06G 124 05G202 osj(gpes 06G114
oC 05G231 05G238 04G329 06G122 06G083 I 05G213 me
Zhangjing ::} =1 | o
06G058 05G161 05G010
10A 13
06620 06G201 1
10C 06G201 06G209 l 06G210 06G201 05G218 05G296 04G392 05G229
| mik Joi ] 4. Jls] A
1A 04G288 06G205
IES 5 3
118 SRR W 0?;]3,2,?9 06G103
11C 05G004 uiiq%m
11D 04G197
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126 06805 05G239 06G117 | 05G178 | 06GO6I 05G174 II&J 06G216
3# 3t 8 B Y Chen
Dite 5/22 5/23 5/24 [ 5/25 5/26 5/27 5/28 5/29 5/30 5/31 61 [ 6/2 6/3 [ 6/4
MON TUE WED [ THU FRI SAT SUN MON TUE WED | THU | FRI SAT | SUN
Time I 1 o T 9 9 | 9 [ 19 C Y| o1 [ 9 o T
Operation M USER RUN B USER RUN
13A 04G249 04G045 05G151
biii. | A% 3 X8
13B 05G248 06G 127
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13C 05G242 06G121
Iy} 4
14A 68 04G248
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Dita 5/22 5/23 5/24 | 5/25 5/26 | 5/21 | 5/28 5/29 5/30 5/31 | 6/1 6/2 | 6/3 | 6/
MON TUE WED | THU FRI | SAT [ SUN MON TUE WED | THU | FRI | SAT [ SUN
Time [ [ 1 18 9 | N N N N ] [ 9 [ 9 o T I8
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Operation USER_RUN [ USER_RUN T
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st 6/5 6/6 6/1 | 6/8 [ 6/9 [ 6/10 | 6/11 6/12 6/13 6/14 6/15 | 6/16 | 6/117 | 6/i8
o, MON TUE WED | THU [ FRL__| SAT | SUN MON TUE WED | THU | FRI__| SAT | SUN
Time 9 | 9 | 9 | s T ] 9 ] 9 | 9 ] 9 |CH ] l9 T 9
Operation MA/M B USER RUN M B USER_RUN
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Zeming Dong Lu Pan
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Dat 6/19 6/20 6/21 | 6/22 6/23 6/24 | 6/25 6/26 6/27 6/28 | 6/29 6/30 [ 11 | 2
e MON TUE WED | THU FRI SAT | _SUN MON TUE WED | THU FRL__| SAT | SUN
Time 9 9 | 9 [ J9 ] [ I 9 9 9 [ 9 9 I ls 1 I
Operati USER_RUN B USER_RUN M USER_RUN [Single Bunch] B [SB] USER RUNTSB] _ M
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12A gsesuu
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Dita 6/19 6/20 6/21 6/22 6/23 6/24 | 6/25 6/26 6/21 6/28 6/29 6/30 [ 7/1 [ 7/2
. MON TUE WED THU FRI SAT | SUN | MON TUE WED | THU FRL__| SAT | SUN
Time 9 9 | 9 | [ I 9 | 9 9 [ lo T ls
Operati USER_RUN B USER RUN M USER_RUN [Single Bunch] B[SB. USER RUN [SEB]
04G252
13A i
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