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Cryo-EM Structure of a Cargo Receptor for Normal Secretion of Blood Coagulation Factors
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Figure 1 A.Cargo transport by ERGIC-53. In the early secretory
pathway, newly synthesized secretory glycoproteins and
membrane proteins are transported by ERGIC-53 complexed
with MCFD2 from the endoplasmic reticulum to the Golgi
apparatus. Target cargo proteins include blood coagulation
factor V (FV) and factor VIII (FVIII), al-antitrypsin, IgM,
ERp44, several membrane proteins such as GABA,Rs,
and envelope glycoprotein from arenavirus coronavirus. B.
Domain architecture of ERGIC-53.
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Figure 2 A.B. The SEC-MALS profiles of ERGIC-53 (A) and its complex with MCFD2 (B). Masses of the peak fractions determined by SEC-MALS
analysis are indicated by the red lines for protein mass, cyan for micelle mass, and green for total mass.
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Figure 3 A. Pair distance distribution functions P(r) of ERGIC-53 (blue) and its complex with MCFD2 (orange) determined from the SAXS profiles.
B. The dimensionless Kratky plots of ERGIC-53 (blue) and the complex (orange) determined from the SAXS profiles. The dotted and dashed
lines represent the positions of \'3 and 3/e, respectively, and the peak appears at this cross point for a typical globular protein
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Figure 4 A, B Cryo-EM map (A) and structure (B) of the head region of the ERGIC-53-MCFD2 complex at 2.53A resolution. Four ERGIC-53
protomers and four MCFD2 molecules are shown in different colors. Green and blue spheres represent calcium and zinc ions, respectively. C.
Details of the tetrameric head assembly. Protomer-A with an upper-CRD configuration and protomer-B with a lower-CRD configuration form
a dimer with vertically assembled CRDs, and then the two dimers are associated to form the tetramer with the four-helix coiled coil.
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Figure 5 A: Representative 2D class-average images of the full-length ERGIC-53 particles. Some particles assume straight conformations (upper

panels), while others show largely bent conformations (lower panels). B. Cryo-EM map and structure of the full-length ERGIC-53- MCFD2
complex with a straight conformation. C. 3D Variability Analysis (3DVA) of full-length ERGIC-53, revealing continuous conformational
changes from the first (light orange) to the last frame (green). Blue circles represent hinges between the segments 1, 2, and 3 indicated by
broken lines.
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Figure 6 A. The updated structure of MCFD2 complexed with ERGIC-53 based on the present cryo-EM map. The newly built N-terminal segment

and loops are colored in green. The proposed cargo binding site in MCFD?2 is indicated by a red broken circle. The inset shows a close-up
view of a zinc binding site formed by the four His residues of MCFD2. B. A working model of zinc-dependent cargo binding and release by
ERGIC-53 and MCFD?2 in the secretory pathway.
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Real-time and Operando Observation of Intermediates
at the Solid-liquid Interface of Photocatalyst Electrode
using Wavelength-dispersive Soft X-ray Absorption Spectroscopy

Kaoruho SAKATA, Kenta AMEMIYA
IMSS, High Energy Accelerator Research Organization

Abstract

IR, =Ry = 2 — M IIVORBNCAT THRA GIIEMTON TV AN, ZONTE, KOMREFMMGERZ 727k
FEFRERISIE, B U T KB R BB A OO IR 3 )V F—D—D & L THATE 212D A I TN TV 5,
IR R AR TR S, MERFEETBMD T/ — FMELEHAGDETTNARE LTHWONZ D, BRFEBMIIMRED
ARy 7ICiE>THED, REREFERETHEADNZ WV, A DIEICHTE L7 o B X BRI TR,
KR 7 RRE 3 ~ 10 MIE TOARY MVIRWATRETH O, BERFAIIC I 2 BESULERISDRNDMTA 5 2 A7 L &
HEDET, UTIWEAAL - ARGV NHEZITHI TN TE S, KUK TIE, TOTFEZHVT, EEEMR AL
Tel b T2 2 2 VO EMm L U, ZOEN G [WWOMSRFEERISE UV RS LEMN S5 U 7V &2 A LTHIEZTTWY,

2D K WA H LT, ki VARSI C OB R T ROSH BRI DV TR 217> 1o,

1. FL&IC

1- 1B XERRIND 2BV 7 IV 21 LBIEEERLE
RIGHDEHE

R X ARFEIE D X AU (XAS) 1, (LA OfR
WMHEIEEICERETETH RN (1], HROTETIE 1D
DARY M IVEEIST B 128 OJE R Y0 HAL T E
THb, MXFERTIZT A v 7 XAFS (QXAFS) [2]°,
ES BN Y (DXAFS) [3]1 DFEREFWT—EIC AR
7 NIVEUST B T5ED BRI N TVED, ThEEIXER
TS T 2130 D HER R D E N5 % 72
WIREETH D, FDI8, TN TR XFI DY
TIVEA LEIRITDN TV > Tz, TE, A HIH
IZBATE U 7o B B X RN YT, IER LTz
X AR RN U ROBREm I o —Z2 Ty 7
WS OHEIEX KR MBI RTE D X ICHENL, X
#RFH CCD / CMOS I AT TZENLZ—EICMHT 5 &
T, WINPEDARY "VET VY gy FTHISTE, K
M REE 3 ~ 10 B TD VY 7V Z A LENREE 755
7z [4], HOEINEZEHWTWE Y, HERKE R TORE
HERITHTEMTES 5,6, AFEZHND L, b2
RISHEDIRFZACZfENTd 2 T EMFHETH %,
AW, T OWED B X AR5 B HR
DEFICIEH LTz 8 D TH o W XFRBINI 72 N T
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CNET, XN EZ) TIVEA LTHRIEL, 3
B DETULEROMHT (FEA OIS % B
DEED ZiT-o el I ER NG > Tes BEIED AS
IV F—TDAXT > RHIE (Potentiodynamic XAS [7])
&, Me—V 7V A LTI 21T S Fiik e LTI E
NTWED, TOFENSDATIE, BEMOEKITHEN,
AN HEDE—T T b HREEZRITBMTE RV, TN
5SOMEERTIRT 7201, BaLDFIV—TTlx, HHL
W SEERLY T, D U R B o BRR X BRI 5 72 D T
[ESRHE T OILZE OGS L, 10 eV FEIEDIROWRU )
AN NV EHEGHST 5 ik D) 7 IVEA LNTHIE
TE5TFUEEHIE Uz, BOLDOEBEIT-OTVSEIH
[8.91, /Ko fRFHDYEAMREEMOBRFEERINCEHL, &
fiZziRsILans (D, UVIEERELAaNS) V7L
2 A L CH#EZ2 UL AROBIER 217> 72D T [10], AF
TR LIz,

1-2. KD EADAMEEBOMRE =
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Figure 1 Hydrogen generation through water electrolysis and the use of
renewable energy
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2. EEBRAE
FBEALFRE X Pt 20/, Ag/AgCl BB E Lz 3
BHGETITV, WSS E 2L o FHh 5EET %1

VK & 72> T3 (Fig. 2 EXD . BERALFENE XA —
rF v IRITYE—2a A7 L (HSV-110 JL3)-5E
T) ZHAWTirolz, &KX 0.1 M NaOH (pH 13) ZH
Wzo BEHEfED Au (10 nm) &, FHiEE LT Cr (1 nm) %
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Too WED B X RN EDORIE T, O K biLfs
(530 eV) DK X#RE1E5 7281, 500-lines/mm O [A]H7 4%
FEAVTWS, iz, Y27 )V 5 OHEDE X FHEIR X Hj
FH CMOS 71 A< (Marana-X, Andor) & AWV TR L7z (Fig.
24HKD. AV AT LZHAWVT, XAS AT MV 3 B
ICHE LT3,

3. BR-ER

TEOEN%Z 0.1 Vvs. RHE 5 1.6 V ETREI LTV
ZRNC, FEEFIC O K i XAS AT ")V 7 IV R A L
T WEZIEDZD, ¥y T o VI ZEZTDETIC,
T BT LTz ZDRHCIE D Nz EIEZ Fig. 3 1TRT,
0.1 Vvs.RHE "5 1.6V £T, UVIESFH O DHEE UV
Mg LomE e s, 297 7 VEMERGILEDN, UV
TN & D DA & UV LR L OGS TERMEICED
HHEN7e (Fig. 3)o UVILIRSTH O DEE LG LDEED
Wi J5C, WMEENIR 0.9 V vs. RHE D & EITEFRH I L
TWBN, BEFRAERISOFBENMEN 1.7V TH S0,
HERE (Au® Cr) OR(LICBIEL TV EEENEZ 5
N3,

EMOENZ 0.1 Vvs. RHE NS 1.6 V £ THiF| (Fig. 3)
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Figure 2 Schematic of wavelength-dispersive XAS apparatus (right side) and the dedicated electrochemical measurement cell (left side). XAS spectra
are obtained in real-time, and spectrum changes correspond to applied potential.
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Figure 3 The linear sweep voltammogram (LSV) of the electrode

obtained during the XAS measurement when the electrode
potential was swept from 0.1 V vs. RHE to 1.6 V. The figure
is for potential sweep cycle 1 and cycle 2, with and without
UV light.
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DE— 7 REDOZIIBIITERVATREENH 20, KIS
TR OHRERBE O N L ICERT 5 &, E—7
FRIEEINT 5 & EZ BND, ZDD, 5338eV DE—
DEALERD K S IR TEB125 5, (KBTI, BEH
FA SO KISHEEDO h AN EME R ICER L, @B
TlE, HBEEBEORIG, OWTIREEEIE RS R AT
I, 533.8 eV THEENDHPREDNEADT 2 &Icx %,
CNFETOMRATHIZC K %, Co(OH), & Ni(OH), D O K i
XAS AT UMW 533.8 eVIEATHIERE N TV BT &
5, 5338 eVOY—Z7IEMOHF (M X&) ICET S
EHENIE NS [9,14,15],
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PURIC E DK 2 IsiERMN D 2D E T 5 T L D ATRE
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Figure 4 Contour map of differences in XAS spectra intensity from initial measurement stage without UV light (the electrode potential was from 0.0 V
to 0.12 V vs. RHE) for visualization of change, for (a) UV light on, (b) UV light off , and (c) difference of the intensity between UV on and

off for cycle 1, based on the case of UV off.
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Figure 5 Intensity of XAS spectra at (a) 531.2 eV and (b) 533.8 eV corresponding to electrode potential.
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Extraordinary Rigid S-S Bond of a-S through Investigation via
Temperature-Dependent Measurements of S-K Edge XAFS

Hiroyuki IKEMOTO', Takafumi MIYANAGA®

'Department of Physics, University of Toyama, *Department of Mathematics and Physics, Hirosaki University

Abstract

FE L E o-S DEAREE TH % 8 BERDRIE 2D -0,
10 ~ 300K TITo 7z MXKROWINZINZ, & SITAKIRE TOWE Z AT HE
XHRGRIER T + B XA A — R TR Uz, 8 HERRZHT 2 HAHE
FEEZREET, 3XOF 22T MIRENCEOTH-7z, 2D b, S-SHARKS

RT VT ¥ VORFENEN T EDHS MRS Tz,

1. FL&IC

JIVAT VT (S, Se, Te) i 2 BNt E#EE T 1 6
WKL, THICENSMERM Uz 2 sz L %, C
DOFEEREEN /)L a7 VEHCHA R Z £ 7259, Hili
WIETI, Sk 8 BREZEAME L LM H%E S(@-S),
Se & Te ld 3 M| HHASHZFARGE & Uiz =/75% Se, Te
(t-Se, t-Te) WLEMHTH 5 [1], | KiHED ) VT HH %
WIZSEMI O EAERZ, S, Se, Te EFRFHSHREL A
BCONTHi ix%, LIEEN->T, vay sz imii
FNCHINS T L&, EARGER O EAEHOREHINRE N
FV AT VEEOYIIEICE T 2 AR EIRES X %, t-Se &
t-Te DREEDIREZ(LICDWVTIX, TNE TICHIZED AT
NTW3, XHEYT (XRD) XD, t-Se TR EHIC
> T athyim (AT ICEFET 5~/ Te
i (S8 AMG) ICEINET 20, T/ k54 Se T
RN E K TRB L a, cHiDOW T & IR T 52 &M
WEINTVS (2, 3] t-Te DMEICOWTHEH L ST
HENTEIED, ZOF /R ATERLWEREZ T 3
TR E & LTI ED 5N TED, 51
1 X7 2 ROTIKAE T ORGP MED XRD 0328 M FE
BEMBE R E TR ENT VS 4], THHIKHL, a-SD
WEEDIREZLIC DV TOMFEFIEDITHTH S, R,
XRD & 55— FHGHEE VT, a-S O FEFE & 85
PRS2 OIREARAF DL D T T Tz, XRD DR
&, WFEBBICRGTERFEMMNRELE L BICKEL
M, 8 BBRND S-SHEGIMHIZ (L LT L&KL
T3, INbHE, HRHFEOMRLE Rh—8z/RL
T3 [5],
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S-K Wl (2.472 keV) D% XAFS JlliE 7z
29 %7=0lc, Y IVEEZRRCENT, B
DY AN 7 5 8D 1o 2T OREE/ R T A—H—
WIEFICHR LS, hDZED

X HRZUNAAIRS S (XAFS) fifihTid, XRD 7% & DRl
e S EE SRS OFETH S, XRD & HIKT %
&, XAFS L RpEERICHE < [6], FIRUITER
ATHERDOEEE D FHEZIASMNCTEST RNV T
— VBB, E IR XAFS (EXAFS) i 51851 5,
JE TR BE D T M2 (MSRD) DIRFEMRFA M2
g s ic kb, BRLUTRBOFR FHEOME %
RDBTENTED 6l TNHDT &IF, 0 1 RET
FHEE & 5500 2 RFEFHHBIDF T % & W0 5 = — 7 5[
MWD/ a7V OREMFICE VT, ZNENDHET
FHBE, & 5113 1 G L 2 IS DBHRZE G % DI
FHTH B, ThETOHINIAS VTEICHET % EXAFS
FRFTIC X D, t-Se TRIFED FFItk> THAMESENHE
7B (7], RERFC Se-® Te DA EGENR <
BB EIRE, £ OYE &I A REEZEDH S
ToTW3 8l £z, TIVTFHA MOH—RYF /Fa
— 7 aEI NIz Se MMITEAR Te fINZEH T, SHMFHENE
HoMKRIC KD, HERAGENELRD, ZORETIMY
M2 Eehbno7[7,9,10l, E5HIC, MSRD DI JEfiFE
Wil 5 Se DIHAREESDMEN Te XD LN T & EHERE
Nz,

O, ANVATYDOHRTE Se® Te DN T
FREDHEATETWVBED, SICDWTOIREZ(ICET
ZIEHNE D70, a-S D XRD DIREZLICE L TIEH
HEINTWBED, XAFSRTD T RNV T—I =ML
TR LIC BT 2 9818, XRD LB AR S HHE S A
5T EN D, B2, EXAFS f#fTick vig5h
% MSRD D E RN S, a-S DEANIETH S 8 B
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Figure 1 (a) Sample chamber designed for XAFS measurements with transmission mode. The green section indicates the sample containing the thin
S-film, MWCNT, and Kapton film, which are attached to the sample holder connected to the cryocooler. Photo Diode (PD) is indicated with
red, which directly detects the transmitted x-ray in a vacuum. The Kapton window is indicated in blue. (b) Photo of PD
(c) Photo of sample holder attached on cold head. (d) Photo of sample chamber.
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Figure 2 The theoretical transmittance for S of 3.4 pm thickness (green
dotted line), Kapton of 15 pm thickness (brown broken line),
carbon of 2 pm thickness (black thin solid line), and the total
(red thick solid line).
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Figure 3 Comparison of the XANES spectra of a-S between CEY
(black dashed line) and transmission mode (red solid line)
measurements at 300 K.
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Figure 4 Ar-K edge XAFS appeared around 3.2 keV.
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Figure 5 Variation of the k’¢(k) of a-S at10K (red solid line) and 300 K
(black dashed line).
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Figure 6 |FT(r)| of o-S at 10 K (red solid line) and 300 K (black dashed
line).
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Figure 7 Temperature variation of the first peak height (red circles) and
second one (black crosses) of [FT(r)| of a-S.

Table 1  Structure parameters of , N and C; obtained from the EXAFS
analysis for S-S covalent bond in a-S.
r(A) N G (A7)

2.054+0.007 2.03+0.05 4.5+18.4 % 107

0.004 4
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Figure 8 The temperature variation of the MSRD for the covalent
bond of a-S, which was obtained from the S K-edge XAFS
measurements. The solid lines show the Einstein model fitting.
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Table 2 Comparison of the 1NN distances (rygp) and (r¢g) in A, 0 (K),
and K (N m™") for a-S, t-Se, and t-Te.

Element | rygp (A) e (A) 0, (K) K(Nm")
a-S 2.055[23]| 2.054 9424323 | 405+284
t-Se 237526 | 2.37[7] | 325+6[7] | 119+4[7]
t-Te 2.865[27] | 2.84[28] | 21243 [7] | 82+3[7]
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