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Elucidating the effects of microtubule inner proteins on the architecture of the
tubulin lattice.

Ichikawa, Muneyoshi
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By obtaining high resolution structures of the doublet microtubule from

cilia, detailed binding schemes of the microtubule inner proteins (MIPs) to the tubulin lattice have
been revealed. By comparing the tubulin lattice with intact MIPs with the one with some MIPs

missing, it was shown that the MIPs fix the tubulin lattice length into the stable elongated
conformation. MIPs were also shown to change the angles between the protofilaments. Some of the
protein identities of these MIPs were identified by mass spectrometry and X-ray crystal structures
were obtained. Co-polymerization experiments of the MIP proteins and tubulins were also performed
and the effects of the MIPs on the tubulin lattice formation from the inside have also been
revealed.



¥ X C—19,. F—19—1, 2—19 (58

1. WHEBHARZS IO 5=

B OMEEIL., MoKk E2BESEZY RO Y 7 F LN~z 5T v
THELTCORENEH S BEHELA NIRRT THDH, EHRIEEL b OMEONEMEEIL, FOMEE
KaE 9 ROZT Ly MENEDRERY AL EZ E > TWVWD, X7 by MUVNEIZA/NE L B/
BN RDHMNEMHEETH Y | BEBITHEBREZ 52 TNDHEZEXLNTND, X7 Ly MK
INEIXLERWINERIE T D0, ZOREEBIT ol ST ol EO X7 1
v MBUNEOREEIX IS TAABARR TS T 7 4 —1EEZ VTR 30-40  AFLEE DAIRRE T
HH5NTE7-(Bui et al., 2012, JCB; Oda et al., 2014, Science), TN HDFEEMNG, &
Ty MUNEDT 2 —T U U, BUNERN K 7 (Microtubule Inner Proteins,
MIPs) BFEA L TWD Z ERALNNI o7, AT, #ERT ST A TFTHEKOET Ly Mivh
BOSRRE & SCATAFZE > B KIEICH B L, MIPs #8047 Ly MvNEOREER 8.6 Ay~
F ) A — NIV DOSIREETHI O THE7- (Ichikawa et al., 2017, Nature Communications), Z @
FERNL, X7 Ly MUNERNIZZNETRHESN TN XD %< O MIPs f&ENHFIET H Z
ERBISMNI ol X T Ly MBUNEIZIMIPs EE A E -7\ v 7 Ly MSUNE & Hig LT
HEFIZEETHDHI-D, TNHDOMIPs fEEDR Y NU—I NF a2—T7 U UKBTHEEEZ NG
BERL TS EEZ LN, £, X7 Ly MUNEOT 2—7 U U &I, W—7ev v
T Uy MUNE EIZER Y BATERY 2R Lo T, TNHORERIZ, MIPs OFEA
NF 2 —T7 ) G EEDOEZEICNN OB L CND I EERB LT, L LA 5 MIPs 2
KBF 2—T7 Y UK HEEDORE~DOEEBOFEMZ I 50T 572 OI2IX S IS @ o fREE THE
ERT21T) 2 ENMETH -7, Fio, MIPs BED X L7 FEIK, £ L CE%~ D MIP #
NI BOMEEOBEMIIAR o ThoT,

2. WHEOHB

UTDOXITHEEZITHIZ T MP Z N IEDF 2 —7 I UKRF~DOfEaER L. 0%
TENE - E~OREBERAT L 2B E LT,

(1) 7Ly MIUNEOREGE ZEOMETHED Z LT, MIPs N F 2 —7 VAT ED X HITHEE
L TCWDOFEMZEI &z T 5,

(2) MIPs IZ LB X T Ly MUNE DREEEZONTEREEZED,

(3) K MIP ¥ 7 EOHEMEREL, X7 Ly MUNEHENTOR MIP ¥ > /37 B O E
FEZIT I,

(4) RIELREZS MNP X NI BEOF 22— U UEAAEE~DOEEBETD & LT, @mofiEs
DNLIKKEEE 1S5,

[Uhy

3. WD FHE

(1) 7Ly MUNEEKROEEIZOWTIX, T T e AFTHMENSZL T Ly MUNE %2 B
L. 7 74 BT BB X 5 BOhi TR 2 WO CHESERRIT 24T 5 2 & TE OB REE DT
& E1S 2,

(2) T vy "M/NE %, BERREE -3 mEiEER] (0. 2% Sarkosyl) THLEE L, ZiH DAL
BNE T Ly MBUINEIZEZ DS MIPs ICL D F 2—7 U U TREE 022 @b R 2o
TORBERD,

(3) HEtL7-Z7 Ly MUNEZEEOITIEIC K » T 21T 9 2 & T, MIP ¥ 2237 B O
ZEIEL., 7 94 BFHEMEBENTHEELZETT ) /T2 TEOEETTLEE D,
4) HFoNTMIP Z o X7 E ORI OV TUIRIGE TR - BRI L, Fa—T7 V) v EodtEs
179, Fiz, BRLZZ VR EORERLEI TV, X RiEmEE 2S5,

4. WFIERLE

(1) ERT FTEeATOOMEBEAKERL, SHIF T Ly MUNEEZHBELT-, BEEL -4 7
Ly MEUNENRT X Kipding & 5 X5 IS B il L7 ECoRa Lz, kel
e IAF TV Yy N 74 FEFBHMECIRG L. HiEMirHoEHGZ 7,838 ot L
7o BONT-BBEENLX T Ly MUNEZYI Y H L. SPIDER, Frealign, Relion 7 & i
AT 7 b AW TEHSERT A2 1T o 72, 2k CHETELNLTWEE T Ly MIvNED



&GN OoiEE S EL, ¥ 7Ly MIUNEDT 2 —7 U U1 RO DONERO MIPs 1
WA, 4.7 AL WHOESMREECY MG EZSD 2 LN TE (K 1A), BoNEE2ERERE<
TR Z A WNENE NI BT, Fa—T ) U TEMESR Ry N — 27 2R LTV
72(X1B), A/NMELB/INEAHE LIZEZ A, AVNEDHNB/NEITHNTED L O MIPs 1
ERFEL TV, ST Ly MuNED T b7 4T A NEIOAREZRE L& Z A,
IEFICREBRAESHER LIz, £, Z T Ly MUNEDOTF 2—7 ) U F A ~— O Kl 5[
DESIX, Y7 by ME/NED GTP K fRET oM ERIFVMEEZ R LT,

K1. 7 vy MUNED T T A T BFBRMEHEE.
A ZT vy MUNEOEEEE.
B. MIPs SEIRO#EIE.

(2) Z7 Ly MENEOMBALOBRIC Y = — g VI Z LB, WEeligic L > T B /)
BAINENTZ A /NEDOROIEER LA LN TV (XK 2), £z, 0. 20 FmiEMEA] Sarkosyl T
BR L7234 ChH ., B /ANEMINEIZENLAD, A /NEOHOREERBG T, A /NEDHN B
IINEIZHEE L TR D EMER MIPs fEE DR Y U =27 ZH L CWEREREADLETERT D L,
MIPs #&E DR v b U —27 DIFAENTF 2 —7 ) U EEZ NS EITH L TLEL LTS
LEZLND,

HBEIRLE 0.2% Sarkosyl{LIE

K 2. A/NEDHDI T A BT EMEELE.

A BEFEWHREOFT T Ly MUNE RREB) KOCA/NE(F VU PORB) DI 744
BRB RO, EBERNT TR BT EMREE O A INE OSLIEELE.

B. 0.2% Sarkosyl {U# C&7 A/NEDOEBRB (£ L2 P ORIR) K OEEMRIT CHB=L
S, FREEDOIS O MIPs EN b TV -,



INDOTFEEOIETEZ A INED T T A BTG E RO TSR 21T, CREEO R
B A INEDOSARREE 2572, ST LR 2 BIREI R R & LT, Sarkosyl JLFE T2 A
INETIEL, WL 222D MIPs fE&Em Kb Tz (K 2B), 25D MIPs AL TV ER T
I, TS50 s 70 T A NEORAENL T Ly MINE EIEIR L THEIZELL TV
Zenbnrols, BERABTHEIMIPs ZRFFLIZA/NETIZ, 20X TR T4 TR
NOAEEITEEZ TWRhoTz, Fo, R GMOTF2—7 Y UEEEZ bR L E 2 A,
MIPs ZERFEFL TV A/NETIZ, A V¥ 7 NeXZ 7 Ly MENEIZITWME R O E % B> T
W=DIZxt L, Sarkosyl ZLEE L 7=\ 2xdD MIPs #iGE &2 k- 7= 4 7 L v MU/NETIX, GTP N
K fR% O GDP IRBEIZ T WEMETL O MR A & > TV, B OTF 2 —7 ) V1, REER
W NVEREEIZKHE L TWA T2, MIPs koo F 2 —7 U UG ISR L B> Tnd &
EZOND, ZHHDFEEND MIPs 13F 2 —7 U U FREEOREE 2P SHIE L TR Y .
EHIIL, Fa—T ) UK EELZLERMEROMEICEET S Z L T, b F2—7Y
VOMEASZBNTNS LRTZENTE T, ZZETORNFEEmmLE LTHEELE, 21
OOFERIIMIPs IZL DT 2 —7 U O A 2 EEENAD GHIE LT b Z & & R SEEKR
FTCRLEZELDOTHY, YENBFICKRERA NI M EEX55DTH S,

(3) MIPs # > "I EOBMAZRIET D720, MEOW/NE W 77 % H &5 Tt 2l i, 7
N7 XA TOWEEZRACCTHEESHZITEBI L LIZEZ A, A3y A b R Bk & 2%
JEDaE I F—arBErolld, 77 I REFAOMEE pH v a v 7Bk~ TH
oo BONTMEADEL CTIKEI L, ¥ 0 EE% —oDN RE LT L, BESHT
fiEAT L=, 0N M/NERISIX, X7 Ly MUNEREROZ X7 L RLxHES KB RO
BRI EOMWMGTEEG LT, FLRESERERZ0T T I R AL BEOM/NE
B DOEBESIT ORI TS LT, F7 Ly MUNERED X R B AR D AL
7o £, 77 I RETFTAHEKDOT T Ly MIUNEIZOWTHKREM L, 7 T A 48 FBMEEE
(2 & 2 HORL - RMT CHRESEARNT 21T 9 2 & T, X7 Ly MEINED B/NVENEA L 588k (1 ) —
Ty U va V) OEE 3.9 ADSREETE T, 7 T A AETBMEEIE TR & O REED
B EREE L BSITIC L o TERE X U X B T 5 2 8 T EORED A )
— VY aVHEHBNTE A LRI EEET VT LTNE, A —Ux 7 v UREE
DFFEF L EEE LT (K 3), ZhbOfRERICOVTREHRTE LTHE L, Fa—T Vv
DOFHRZAEL D MIPs OFEEIZE G T D E W Fie A RIZHOWTH L Z N T2, 5.
TID OFERBIER & MIPs #5 8 OBURICOWT b HT- RS 2 RETHZ L NAHETH A 9,
T2 GUNETHEHL WA ZEIRI7Z2ERE LT, FOEEERE L OHAEKS 73 RET
ZDEESTOFRER L, TdEARE R WERK Y T3 REFT ZADEBESIT O R 2
g5 2 LT, Hil e U EA RS VN B R BERIET D ENTE R, 2R ORERIC
WTh, BIOEBEHRCE LTHRE L,

X3 AfrFr—Ux 7 ya VEBROEEET L.

1) FEROEESHTOFERRFEITE L= MIPs ¥ L 37 B D 9 B O0vE: KIBE TR USRI 447
Sl R LIZZ VR TFa—T ) o EHEAL, ETHMEECHETL LT, 20T =
— 7 UK REREA~DOR B LT, ZRODONRIZOWTERREREIT>TZ, Fiz, MIPs #
NI B OREEb AR, D9 L PACRG D X FRFEERREE S MEIGL # 37 B & oIefhdih &
LTHEBI, 2.1 ASMREEL W) B MREE CEDNIAEE 2155 Z LN T 7o, 8EBIRIC L D
AR L AT, PACRG-MEIGL N F 2—7 U & U 7 b— F T 58EICHO VW THLMNZ L, Zh
HORNFICONTERHRITE LTHE Lz, 2T, ¥ 7 by MBUNE ORESURERE T Z0A T2
FERTHY, RERERENPODL EEXD,



5 5 4 4

Khan Nimra Pelletier Dylan McAlear Thomas S. Croteau Nathalie Veyron Simon Bayne Andrew
N. Black Corbin Ichikawa Muneyoshi Khalifa Ahmad Abdelzaher Zaki Chaaban Sami Kurinov
Igor Brouhard Gary Bechstedt Susanne Bui Khanh Huy Trempe Jean-Francois

Crystal structure of human PACRG in complex with MEIG1 reveals roles in axoneme formation and 2021
tubulin binding
Structure -
DOl
10.1016/j .str.2021.01.001
YAGI Toshiki TODA Akiyuki ICHIKAWA Muneyoshi KURISU Genji 61
— LC1 — 2021
020 022
DOl
10.2142/biophys.61.020
Daniel Dai, Muneyoshi Ichikawa, Katya Peri, Reid Rebinsky, Khanh Huy Bui 17
Identification and mapping of central pair proteins by proteomic analysis 2020
Biophysics and Physicobiology 71 85
DOl
10.2142/biophysico.bsj-2019048
Ichikawa Muneyoshi Khalifa Ahmad Abdelzaher Zaki Kubo Shintaroh Dai Daniel Basu Kaustuv 116
Maghrebi Mohammad Amin Faghfor Vargas Javier Bui Khanh Huy
Tubulin lattice in cilia is in a stressed form regulated by microtubule inner proteins 2019

Proceedings of the National Academy of Sciences

19930 19938

DOl
10.1073/pnas.1911119116




Khalifa Ahmad Abdelzaher Zaki Ichikawa Muneyoshi Dai Daniel Kubo Shintaroh Black Corbin 9
Steven Peri Katya McAlear Thomas S Veyron Simon Yang Shun Kai Vargas Javier Bechstedt
Susanne Trempe Jean-Francois Bui Khanh Huy

The inner junction complex of the cilia is an interaction hub that involves tubulin post- 2020
translational modifications

eLife 1~25

DOl
10.7554/eLife.52760

11 2 7

Shintaroh Kubo, Ahmad Khalifa, Muneyoshi Ichikawa, Daniel Dai, Corbin Black, Katya Peri, Shun Kai Yang, Jaiver Vargas,
Khanh-Huy Bui

How Rib43a and Acetylation of K40 control the rigidity of Microtubules

65th Biophysical Society Annual Meeting

2021

Muneyoshi Ichikawa

Remodeling and activation mechanisms of outer arm dynein revealed by cryo-EM

18th BSCB GenSoc UK Cilia Network e-symposium

2021

Shintaroh Kubo, Ahmad Khalifa, Muneyoshi Ichikawa, Daniel Dai, Corbin Black, Katya Peri, Shun Kai Yang, Jaiver Vargas,
Khanh-Huy Bui

How Rib43a and Acetylation of K40 control the rigidity of Microtubules

EMBO WORKSHOP

2020




10

2020

Muneyoshi Ichikawa, Ahmad Khalifa, Daniel Dai, Shintaroh Kubo, Corbin Black, Katya Peri, Thomas McAlear, Simon Veyron, Shun
Kai Yang, Javier Vargas, Susanne Bechstedt, Jean-Francois Trempe, Khanh Huy Bui

Cryo-EM revealed unique and diverse binding schemes of the microtubule inner proteins at the inner junction region of cilia

58

2020

Yoshitoki Shibao, Corbin Black, Muneyoshi Ichikawa, Junya Kirima, Kazuhiro Oiwa, Khanh Huy Bui, Tomoya Tsukazaki

Characterization of properties of microtubule inner protein FAP85.

58

2020

Muneyoshi Ichikawa, Ahmad Khalifa, Daniel Dai, Shintaroh Kubo, Corbin Black, Katya Peri, Thomas McAlear, Simon Veyron, Shun
Kai Yang, Javier Vargas, Susanne Bechstedt, Jean-Francois Trempe, Khanh Huy Bui

76

2020




, Khalifa Ahmad Abdelzaher Zaki , , Basu Kaustuv, Daniel Dai , Amin Maghrebi , Javier Vargas ,
Bui Khanh Huy

57

2019

Ichikawa Muneyoshi Khalifa Ahmad Abdelzaher Zaki Kubo Shintaroh Dai Daniel Basu Kaustuv Maghrebi Mohammad Amin
Faghfor Vargas Javier Bui Khanh Huy

Microtubule Inner Proteins Weave Into The Doublet Microtubule Tubulin Lattice

2019 ASCB|EMBO Meeting

2019

Dai Daniel , Ichikawa Muneyoshi , Peri Katya, Rebinsky Reid, Bui Khanh Huy

Identifying and Mapping the Protein Composition of the Central Pair Apparatus through Proteomics

2019 ASCB|EMBO Meeting

2019

Khalifa Ahmad Abdelzaher Zaki Ichikawa Muneyoshi Dai Daniel Kubo Shintaroh Black Corbin Steven Peri Katya McAlear
Thomas S Veyron Simon Yang Shun Kai Vargas Javier Bechstedt Susanne Trempe Jean-Francois Bui Khanh Huy

The inner junction complex of the cilia is an interaction hub that involves tubulin post-translational modifications.

64th Biophysical Society Annual Meeting

2020




http://www.naist.jp/pressrelease/2019/09/006167 .html

McGill




