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Studies on structural fluctuation of the endoplasmic reticulum
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We analyzed microdynamics exhibited by the endoplasmic reticulum (ER) in
living and semi-permeable cells. We found that the fluctuations were triggered by reactions
requiring ATP or NADPH from membrane components, which were related to the softness of the ER
membranes. While protein diffusion in the lumen is relatively constant over a wide range of
temperature, unlike in solution, the microstructural fluctuation showed the same property. Since the

motion was controlled by binding to microtubules via CLIMP-63, it is conceivable that it functions
to maintain proper flow in the ER lumen. Interestingly, we found that anti-inflammatory,
anti-oxidative reagent, ebselen, abolishes the micromotion of the ER. Given that ebselen traps
peroxynitrite, the NADPH driven micromotion may involve related reactions.



. HFZERIEA S A DA &

%EE%@@%WT&%E_Lw RECTETZOZ AT REODEEMRIN BT THMEICL > T, &
DT OBGEERIIGT O BIET TH D, L ZANR NS OMILE TOIEBIREIIIEIEO~1/3RETH Y |
INIE. DR THERET 22 L3 BIBRLT D120 DZER Th D /NN BN T S FRETH 5 [1],
—J5. BGEBHLAND NN ED D ETAHELH D, LALINONEAL I ITHIIE TO crowding IZHI L
THTOMEMER K2/ U CRSHEEZ D D 7172 DDy, F 720 T2 E3EIH L TRho 72,
Foex LI FLEMIR O/ MR E @RS RRE CHET 5 L. ENETIZH LN TV AR S MU S
ERFELTCVDIEEZRHEL, F 22 MANA A A=V 7%S (2013 F, HK) Yo HRYV UL

TMICRODYNAMICS ANALYSIS OF CELLULAR STRUCTURES BY STRUCTURED ILLUMINATION MICROSCOPY (SIM) .
%66 BIHAMBEAMFER L VAR T LA (20144, BR) THIRNESIZBED 2 M MEBI O EREINA A —

T LD IZBWTREL TV,

2. WO HD

INBERIZIE R 72 BREH FFOA N T3 T THEAOH A, TREEK., BEMHER EL OMNBEDOKIGE B
T30, FONEETEA nm DIERD D 78 DIRNZER] T, WK A 7RI TR 2 K& X ORRAEH
W72 SN TWD, T b DOREICIIREMEEZITo TCELD TV v u VERE 2 TOEFEDTZHIT
HEET 2 Z L I3 A2 2D TEL DN R L TE Tz, LH LE I TOMEZRKISE ORI iEiE
FREND BT 2 I REER H VD | AR TR ZITI 2 & & L,

3. WD HEK OB

HHEARHTIZIE COST AT Sec61b-SGFP2 % —BIEICHEBL L7z b D& IV, HERFOBEHIT ) R T e L
v RERY— L) CERA G E 2R DMEM[2] & Ve, miREHR OB, JEIRE LT 100 mW 488 nm 4
KL —HF =IO % diffuser TR Z TN LTEELDEHW, 375D Y L—L  X%&4 LT 100
F (NAL. 49) Rk L X CTHAG E 7z wide field % V2,

11 12 11-12 ZINIE R D HE R A 1 0D T
@%ﬁﬂl5&fﬁﬁb
e, B TRO
20@@01m)®;9
& v ! : 27220 FOWEFES D
Median SD Merge 2 FAE LD EAHD K

1-100 l! !! H IIIMET DAY v MBI, RO EOEBR LD, 100 7 L—
frames

L DG D) LAEAER 7 (SD) DM 21D & SD DESy (FR) ML
TR DOER & 725, ZOEE OFREILSD DFEME (o) L LTERL, E

2] L vetan BTALEMOLIRTR T AABNELNRD, BLNE 20D E—Y
g DR % weT5 L, FEO Merge 81X X T AT YT v DA HHD T,
=51 : i & v 7o BRI
104 . ,h Eﬁecﬂvé , —2(x — a)? —2(x — b)?

wi2; w;dth m f(x) = Aexp (()CT@) + Bexp (%) , d=|b—a

o
L

: N
NN e BT e TERETE B, WIS, ZOWIEERBICLIERIHIR
o o1 02 03 04  EEETL A SHEREN 30ms L0 bEVLENRH D T L RDNY
MM D B0 J2B2 01 10ms DA REE (100Hz) THRE S 7= g % il 7=,
KB AIRIC BT 2385 X OERE KT o2, v b7 — 7 0B 72 LE & RO CRR A 1T\,
FD—2>DW & RT,




EOfEIRIZB W TEH SD

036 BIZBNWTRY v b3S
E 0 . BUHI =41, FE0E 2 JIE
£ o) - Lizk 25, ERO L
2 on P IRAEIRDG AT, FERD
g Y WEIE 0.248+0.016 pm
S o ' N ot 2d T ORBIE
020 | L TN DROWNE TR L
' o Averages‘ in a cell Individlual tubules s 0 i e PN A 36 C 1B

Waltmg time” “On-time” HEniedoTe,
E.d.....’. .-..Il.lal.. ?%%ﬁ%%ﬁﬁDﬁ’j’ IO T ‘frame “/EHZ
1000 SD [#i{4 & i > TR TAH 2 & [A Al =
) N ZH Y MZE— R LTWB DI TR, &
g : DM B D5 Z L bhrol, TR
g.n 5 waiting time & on—time CTH/ZHE. EXD
§” 8 Koo iz L 16 Y BREAN L7141

‘: ) 30 Y MREREOFHIEHNR b,
, o _ BURENZ 21T _®%6§®%$ﬁﬁmg
0.05 0.10 0.1 20 0.00 OIDZ. 0.04 0.06 P . s “

Waiting time {sec) On-tima {s4c) DOFEIRICBNTHIZE—ETH Y (LX),

- 50 ] R I b\“r
@ %”-3‘ HAE BT
2, B2 = I —ETHD
EI %20 ‘;“ BB BMNT
gm Sy p=0.44 B Ieote, ZOB

p=0.87 £o21 JEIE% < D5
o0 S,  ERQEIEA
05 1DEI1esat2cguﬁtsfsagc 35 3T°C 20°C T7°C B d;u;"tféeg" S Y
WIZZ oEE
FIMER 25 7=, Bh& 28 1E X8 2 5F 2O\ TSI L7=, Diamide (tetramethylazodicarboxamide)
204 +25uM diamide  Untreated z liﬂ%é@‘@f‘?‘j‘
ik 1” o - — LV EORE LA
T “I gw- / =, Ak
3 0g g » diamide Z¥SiNL
g0 ‘“é 2 | —Untreated e, Zobz
3 3 8 g ,-’I 10uM diamide EHIZIKE T 5
8 . {=8 £ / 25pM diamide = LS R0 k9
[ o 80 / B S e,
L] 0 0.04 /

0 5 mCSEnifgeczs 30 35 5 10 Esour:i?!'si?: 30 35 40 TS
—— Wtaaw el vel ocity distribution (2 D) AFETES TS
- locity LD s/n BMEWEREITIZE RN
2D, T DO/ RNRE
\ZhZ7 v &% conditional 72
BEEIR (FIX) ZAERLLT-, 2
HO#EAT 5 FKBP ZZHRMA[3]4 &
RICH IR T & /NaARAE~D
v(w;wseg ’ 7 FVEH, E 7= KDEL /N i eg
Vi VI FAREEENTZHLDO T, )
JR RN CITH R TR D & 9 REEERZED, A To b DS D
fExEZ 7wy NS EHMO LS BRERER L,

-
(=]
[=]

Frequency




5w Z AU NARORREN Z KB L TV BT RO T, ThOEREY

244 FE DR (D) i AR B EERD X 91270 | Maxwell O

% 2 IR E Sy AR D

LT_D.E- vz

w + _

044 + :Z)'ai\él:nsigie (27 P(v) =Avexp (ﬁ)

f_jﬁ +DMSQ(42_)

g ] oGS THET D ENTE D, o OETRAE A Y R, T 05
00 Eho b LTRODLENTEHDOT, BEHERLAXIR LT, F

o o (urmisec)” 0 fmp % diamide (200 pM) K2, [ U< FA—AREOENE b 72

59a -’74 FIA, ImM) CULEET 2 LEEioe T /A
ADVSYUE T LTz, —J5, 77 FUBHEDOIERK % 5 % blebbistatin LB (50 pM) 134 & 7%
BB ERPpol, ZHIUCK L TVNE OEEA #BRE T % nocodazole (10pM) CIIf/INE DIERIZ L E
BT DR E 7R EHERTRD bivie,

109 TN & BUINE & OFES RS D— SN TR 1 C
&% CLIMP-63 72 DT, = DA DBIKICHE D FEBIC
3 054 SNTHAT- L = A wt~—5 —cfSBFP2 L Ofte
=3 B % @B LM (FR, B I8 T,
£ 08 2y he—L GR) ICHATKIER 0 DIETF, 72
2 Y HREF 1RO BTz, W, CLIMP63 @ shRNA
3 04 ~ 7 #—_ CLIMP-63sh/p7SKU6iR % J& 8 L 7= filfa i
E +CUMPSSCSBFP2(30) 451\ Clx, nacodazole AUER &[RRI o 0> K72 L5
3 :EE?aK#bBILEE‘S?éKUBiR @ ORONZ ZOXIBRERND. NEEOF Y b T
+ CLIMP-E3shhTSKUGIR (49) —7 *%%ﬁ) %O%&/J‘fi*ﬂ’éihﬁi\ CLIMP.63 ;;l‘_)jl\ Lf:f_ﬁ[]

00utE - - o ARG EOREEFO L S,

o (umisec)

W2 Z DFEE OB S ~D B ST, B A O M A~DEEIZOW T, O DTE
MeAbT BN E A ofPAS-E % PA-GFP % 501C ofSGFP2 7> & /ERk L/ NafkPIZ 38, L <, FDAP I L v #
ARz, WEERIIIEECO R 4] &2 v T

_ 21p 21p 21p

FO = 1= e (=200 (-2 + 5 (-2

DOXEDT 4 v T 4 X VRO (TEK), 7B, FE) X tF#%OEHEE, op (TIHEE, L&

LITETER YR, NEDO R v U — 7 T TA U T O SN 5, ET%IE (40% 7Y tr—

JV) BT D BMIEHUZ DWW CRIEMER O @ 0 T OPEBIC L 2 RKHZRE L 2 A, TAKO X
I 37 FE & bl LT 20 FECIiE 1 BIRBRE OBIMN A bz,

i el cfPAS in vitio RGNt ) TR YN Ol N L
3. 5 e AT ST FDAP T 20 £ L 37
gmi 5 }ﬁf;ﬂxﬁ"gy. T BECRIEEIT -T2, = ORA, it
1% ™ - ;maE?Eﬂ DELSE Z MDD, [ LM
24 N\ F————— E"Y 4 B IR % Z5{b L C s R % 0
el N, W =021 1 L SOBAICEmREERRY .
e e, 80 —+ EROE T, BEAZELISHT
5 : s SELE PEBIC IR SR o, ThC
Time T T = °
"*]  Untreated T 20°C e LT, IA QFRE1T - -4 T,
Bas. 37 FE CIEMEE R AN L. T Tl 1 SIBEOE A RSN, I
» R &R UKD TR & T,
£°e Z ORI IR RPETOE AEILBIL T T T L EBS O E
. RS, ARSI S SREICB D TRE - EE RO LD
i . : AL B I 5 T L DPRIEE N, EAUTIHEH MEBI S E D ER
O] 02 ThHHREMENREZ 2 bN% (/23 CLIMP-63 OBFIFREIZ L > Th

T e NI TE 505, MEAE LSBT L BT b < ARAE <A



LI, o X 2 RFNEE 2o T, £ 2 CREN & R 2 TSI W CLL FIhRFE 21T o 72,
Z DT Sec61b-SGFP2 % FHi 4 % semipermeable 72 COS7 MRV CHLEN F 2 i 72, Sefbkh
SOFEER., MRE Ny 77 —Hh[5]TYX =2 60 pg/mL ZHMLIEEE. BHTT/MAERy hU— 71
EHEBBULARFE L2 E FHIREEAIIRSIND Z ENbhoTz, ZOWEITHESEREILS & 22078,
WIBRI T 2D 2 & TIRERBR EINTZ, ZOFRMFIZONTHRZEZ A, TRROBLERF LN/ -
77
1. RBEHREFO-OICIE GTP BSLEER, Zh TS EEiE - &0
2. ATP 5 WI UTP ORI L 0 fZENE GIZBE S5
3. 2L4MZH NADPH I b REROEEMEANRH Y . Z OIEMAIL NADH X° NADP*, & 5\ M7 V& F4
Vg M OE TR 5 BEEL A TIEA D R
4. ARV RS B OV ISR PR D R AT AREN S B & S 7wy
5. /MEEIEIZRT B S M OFUASHIRE M2 HFEA L72HAI2ix, 2 oRiixfEib+ 2
TFLICIE NADPH #ANIZ & % semipermeable #lJEDOFEE O AR A2 $€ 77 7 TRT,
IO LD R ORER, /M
NX i N2 NE S LS AR
ATP % %% NADPH %
BT OGS E - THIE
EZE&h, Z o8 X 3/ Ak
BEDZFR S BBE L T
Db mRIn, T
CLIMP-63 %4> L7/ NE & OFEAIC L o THIE S VTR —EDSEE TH X 27 H, [KWIRETYH
EAEYEE A 3T L FRRE ISR T 2 RMICERL TWD EEZBND, AHFZETIE, SHIZZnbH0Mm
FIZHASWT, ATP H 5\ X NADPH % fififi#s & U CH O 2/ MalRRESR 2D TREFRR) 72 3 BLINH O Mt
% siRNA # W TITo 72208, 282 IS 2 2 B OREFRE SN TV AR, 2205 OIS EANICS
WTHERRICTANTZ & 2 A, MIRIESRK, Mgk L L THOW LTV D ebselen 28 pM L)L CREE 4 1k
»5Z BRSO oT-, Ebselen i3 peroxynitrite 2 b7 v 7T 5 HEN/MOLNTEY , AHEROFAE L OB
BATBEND, ZNHDX ) RiffEE & HICHED T, /MEE L W D BUNER T O SOGD L E 24T % T
BRI DDA E BRI T 5 X0 EfERBARIC SRR 5 Z ERBIFEIN S,

—

+ NADPH

RSN

1. Dix,J. A. & Verkman, A. S. (2008) Crowding effects on diffusion in solutions and cells, Annu Rev Biophys.
37, 247-63.

2. Nagaya, H., Tamura, T., Higa-Nishiyama, A., Ohashi, K., Takeuchi, M., Hashimoto, H., Hatsuzawa, K.,
Kinjo, M., Okada, T. & Wada, 1. (2008) Regulated motion of glycoproteins revealed by direct visualization of
a single cargo in the endoplasmic reticulum, 7he Journal of cell biology. 180, 129-43.

3. Rollins, C. T., Rivera, V. M., Woolfson, D. N., Keenan, T., Hatada, M., Adams, S. E., Andrade, L. J.,
Yaeger, D., van Schravendijk, M. R., Holt, D. A., Gilman, M. & Clackson, T. (2000) A ligand-reversible
dimerization system for controlling protein-protein interactions, Proceedings of the National Academy of
Sciences of the United States of America. 97, 7096-101.

4. Soumpasis, D. M. (1983) Theoretical analysis of fluorescence photobleaching recovery experiments,
Biophysical journal. 41, 95-7.

5. Dickens, J. A., Ordonez, A., Chambers, J. E., Beckett, A. J., Patel, V., Malzer, E., Dominicus, C. S.,
Bradley, J., Peden, A. A., Prior, I. A., Lomas, D. A. & Marciniak, S. J. (2016) The endoplasmic reticulum
remains functionally connected by vesicular transport after its fragmentation in cells expressing Z-alphal-
antitrypsin, FASEB J. 30, 4083-4097.



9 5 0 1

Yuto Matsui, Yukihiro Hirata, Ikuo Wada, Nobuko Hosokawa 45

Visualization of Procollagen lv Reveals Er-to-Golgi Transport by Ergic-Independent Carriers 2020

Cell Struct Funct 107, 119
DOI

10.1247/csf.20025

Naokazu Inoue, Takako Saito, lkuo Wada 147

Unveiling a novel function of CD9 in surface compartmentalization of oocytes 2020

Development dev189985.
DOI

10.1242/dev.189985

Hanafusa K, Wada I, Hosokawa N 294

SDF2-like protein 1 (SDF2L1) regulates the endoplasmic reticulum localization and chaperone 2019

activity of ERdj3 protein.

The Journal of biological chemistry

19335-19348

DOl
10.1074/jbc.RA119.009603

Omae Y, Ito S, Takeuchi M, Isa K, Ogasawara K, Kawabata K, Oda A, Kaito S, Tsuneyama H, 59

Uchikawa M, Wada I, Ohto H, Tokunaga K

Integrative genome analysis identified the KANNO blood group antigen as prion protein 2019

Transfusion 2429-2435
DOl

10.1111/trf.15319




Tanabe Yuuki, Arai Seisuke, Wada lkuo, Adachi Hiroyuki, Kamakura Takashi, Yoda Koji, Noda 65

Yoichi

Svp26 facilitates ER exit of mannosyltransferases Mnt2 and Mnt3 in Saccharomyces cerevisiae 2019

J Gen Appl Microbiol 180-187
DOl

10.2323/jgam.2018.09.001

Sakurai C, ltakura M, Kinoshita D, Arai S, Hashimoto H, Wada I, Hatsuzawa K 29

Phosphorylation of SNAP-23 at Ser95 causes a structural alteration and negatively regulates Fc 2018

receptor-mediated phagosome formation and maturation in macrophages

Mol Biol Cell 1753-1762
DOl

10.1091/mbc.E17-08-0523

Inoue N, Wada 1 17

Monitoring dimeric status of 1ZUMO1 during the acrosome reaction in living spermatozoon 2018

Cell Cycle 1279-1285
DOl

10.1080/15384101.2018.1489181

Yu S, Ito S, Wada I, Hosokawa N 293

ER-resident protein 46 (ERp46) triggers the mannose-trimming activity of ER degradation- 2018

enhancing a -mannosidase-like protein 3 (EDEM3)

J Biol Chem

10663-10674

DOl
10.1074/jbc.RA118.003129




Fujimori T, Suno R, lemura SI, Natsume T, Wada I, Hosokawa N 8

Endoplasmic reticulum proteins SDF2 and SDF2L1 act as components of the BiP chaperone cycle to 2017
prevent protein aggregation.

Genes to cells 684-698

DOl
10.1111/gtc.12506

12 0 4

Kuiper Bastiaan Pepijn, Hanafusa Ken, Hosokawa Nobuko , Wada Ikuo

Photon counting multiple histograms (PCMH) analysis of the ERdj3-SDF2L1 complex

2020

Izumol

90

2020

Noda Y, Arai S, Wada I, Yoda K

Efficient ER Exit of Mnn4 Is Dependent on Both Svp26 and Mnn6é in Saccharomyces cerevisiae.

International conference on yeast genetics and molecular biology

2020




Takako Saito, lkuo Wada and Naokazu Inoue

Sperm 1ZUMO1 dependent gamete fusion influences male fertility in mice

Gordon Research Conference

2020

19

2019

Takako Saito, lkuo Wada and Naokazu Inoue

Sperm 1ZUMO1 dependent gamete fusion influences male fertility in mice

Gordon Research Conference

2019

Noda Y, Arai S, Wada I, Yoda K

Efficient ER Exit of Mnn4 Is Dependent on Both Svp26 and Mnn6é in Saccharomyces cerevisiae

International conference on yeast genetics and molecular biology

2019




Live-cell imaging of antitrypsin Z-variant polymer inclusion

70

2018

Yu Shangyu

ERp46 EDEM3

91

2018

69

2017

Improvement of fluorescence proteins suitable for live-cell imaging in the oxidative environment in plant cells

59

2017




SELIL

2017

2017




