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The mechanism regulating the orientation of cortical microtubules (MTs), which has not been fully understood in plant cells, was
investigated using green algae Spirogyra spp. In Spirogyra fluviatilis cells treated with dimethylaminopurin, NaCl or KCl, the orientation of
MTs changed from transverse to left-handed oblique. This change was also observed in cells treated with mannitol with EDTA. This is the
first report of the modification of MT orientation without destruction of MTs in S. fluviatilis. The longitudinal orientation of MTs, however,
appeared only in cells with destruction of MTs. The inhibition of longitudinal MTs in cells treated with lovastatin, under destruction of MTs,
implied the appearance of longitudinal MTs could be related to sterol synthesis. In cells cut in burst buffer and pretreated with mannitol and
EDTA, according to the experiment of plasma membrane ghost made from tobacco cells, CaCl, induced changes of MT orientation from
transverse to left-handed oblique and then to random. These changes seemed to correspond to the increase of randomness which involves
orientation of MTs. This method might be useful for study of MT orientation. From these results including those of S. ellipsospora, new idea
and research method of MT orientation of Spirogyra cells were proposed.
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B UNRVET 2 —7) VHBERE L UEEI N A HUNE I,
TEYIHINE O FFENEE T T, BV TFIcIie, £EEN
% (cortical microtubule) & #:iEtL5 (Ledbetter & Porter
1963), EEM/MNE L, FRBEED €L 0 — A GREZOB
A EHEHT 2729, ZOEAIEHIEET DXL e — 2%
Heolidi & —3%9 % (Leietal 2012), #¢->T, EEHD
Bohidimix, HEOEEERICEEG T3 tEZ 5N Tw»5

ﬁ%ﬁ¢m®Mﬁ%ﬂﬁ?%Xﬁ’XA’%bfi fi I
MY %, 37V L TRA BAIERPRE O Tw S, #
INETEEL, YIMHEELH &2 I 2 R L ZE 2 o Tk
h, MPOMIEEEICB W THHEINTE L, REMNE
EIIZDWTUE, v -F2a—7) vEiGhEzRGLELTW S
THEMED, v uA X F X F2HAwEr o B Tn
% (Murata et al. 2005, Nakamura ef al. 2010), > v A X
FRAFDAHY =V VRIEIZX B in vitro TORNE YW
(Stoppin-Mellet et al. 2002) >, v uA X+ XF%Hwi
BNEYIWHEE AL~ D A ¥ =~ DIREDBIZE (Lindeboom et
al.2013) BErOWHEbH 2, hoDFAE, FrflEO
AN ZALDBRICOBHR 2D, 7% S DERTIAH 5
ELTHEINTwS, ¥, Aoflfbodss s, Bk
H#EfROY T 2L —varPBIabn T3 (FH 2018)
M, YIal—arvoiE L EROBR L ORGSR Z
MO3H Y, SERICHMTE TS LIV,

RIEWNE X, BEICOEFMEL T2, ¥ AT LAOEMIL
LRI DS, S PAREE2ZMERL TR 20

Lh&wﬁiﬁ@ﬁﬁf KENPHEZ TR D 2 DTIEH W

o BOEOTA I Fuix, REMINEOBELGRE, BES
éﬂz‘ 2Rk A kAT OME %), 2 ORAPENLT 5,
Bl Z X, ¥, KA A, HAK, ERAR, KRR %
I EA 2 £ 53 (Iwata 1995, 2001, Iwata &
Itoh 1998, Iwata & Sano 2005a,b,c), L2»L, BEESZ
H IR 22T 2 BIROWEHE <, artifact (N LFEY)
WHIRE LG22 2 ENHoTh, EHZDMCLOIFREINS
ZEDIRE o T,

AP TIE, I, BEAIETIC, 743 o
(Spirogyra fluviatilis Hilse) O REH/NE OBLH % 240 X
BAUHIZOWTHET S, 72, HEABRTEAI T
ML, FROMEEZRS ENTELDT, HLWE
WAER 74 S FueofbhofEdr o oM & e TlET 5,

HRlEFE
S. fluviatilis 1%, WHEF YRS T Ot TEREL L, CH:Hl
(Closterium H 35, Ichimura 1971) T, 23°CTR:#E L 7

(Iwata 1995, Iwata and Itoh 1998, Iwata et al. 2001), B
WE5&fid 16 h light (8#064T) -8 h dark, JE5REEIE 90 pmol
m?s! & L7, %7 Spirogyra ellipsospora Transeau 13, 5%
FTBHOY v 7 BEPOTBEL, S. fluviatilis & FRRD JiE
TREE L 7o, HT L WETHLICHERE T 5 2~7 HiH L 7= #illlg
(WAISYY) %2 BRI AV 72,
7AIFRICE, DUFO 3 D0HANI 21T o 7, BUNE
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Fig. 1. Effect of DMAP on cortical microtubules of Spirogyra fluviatilis. a. S. fluviatilis cells. Bar = 100 gm. b, c. Fluorescence microscopy of microtubules, transverse (b)
and oblique (left-handed helix) (c). Bars = 30 ym. d. Orientation of cortical microtubules treated with DMAP for 18 h. e. Time course change of orientation of cortical
microtubules treated with DMAP. Experiments (d, e) were repeated five times and average values are shown with standard error. T, transverse; LO, left-handed oblique;

RO, right-handed oblique; L, longitudinal.

DILE A Z b e WAL, E A 2 02 9 B, HEE) L
ThHs, &, EANEZTHE, MHEREOMIERS aging
DIELDEDD, T—FIZIEo2EVRELPTVDT, It
B9 2 A RIR ISR L 72,
MANEOMESGZLED R CAMIILLTO@EY Th 5, S.
fluviatilis % IR 2 R 121X, ALK (0.1 mM KCl,
0.1 mM CaCl,, 1 mM NaCl, 1 mM HEPES-Na, pH 7.0)
ZFHWA, 5SmMY X F L7 3/ 7Y v (DMAP) A
T, 45, 9, 135, 18 h, 0.30M~ > = — ), 100 mM
NaCl, 100 mM KCl, 40% D,O /AT 18 h AWM L 7z,
INERREG I 256 & 0 EZEMRN 2 ERTRINT
72®, NaCl & KClic2oW»w Tk, REZHEAIEIHEA L
DEDICHREL, BAZE Y2y FTOEDEA, 6 well
24 7u7L—F (AGCT7 /77 R) K ANTZERT

AN, SWPERFHEEL 72, £/, v = F—LEKT
%, 0.5 mM EGTA %713 EDTA I 2 % £ b 7o 72,
DMAP 1%, DMSO 12250 mM AR L 7= b D2 REW & L
7. S. ellipsospora DBEHIZ, ANTLiAKIZ025 M <~
=F—=nE05mMEDTA ZA7-b D%\, 18 h L
L7, ARSI 45, 9 hizHSM, 13.5, 18 h iz D
12 h 3B, 520 IERGSME, JEZ I3 90 ymol m™ s &
L7,

WUNE OBIERE G 20 ) W (BiEAE) XU TOE) Th
%, I, ERlo ATk E Hwiz, S. fluviatilis %,
vty b T24wellvf 77 L—F (AGCT 7/ 77
) 1L, MG Al amiprophosmethyl (APM) 3
ug/L<1h (DMAP, <> =F—), 40% D,0 &AL
D), 721324 h (NaCl, KCl £BRABO5E) £
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Fig. 2. Orientation of cortical microtubules of Spirogyra fluviatilis cells treated with mannitol (a), NaCl (b), KCI (c) and D,O (d). T, transverse; LO, left-handed
oblique; RO, right-handed oblique; L, longitudinal. Experiments were repeated five times and average values are shown with standard error. *P<0.05 **P<0.01 (t-test)

JENE 20 L 72, 728, APM ALERRERIX, T (D
FHZ DWW TERID) ORUNEDTZR S 115 IFIRICERE L 72,
DW T3 3 TE, APM 2Pkl 7%, 5 mM DMAP,
030 M= =1 —), 50 mM NaCl, 50 mM KCl, 40%
D,0 SR, £7:13 205 DIERIZ 20 yM a X2y v (R
T a—LARBHEAD) %20 uM Gd (BEWHIZ A F » %
VBHEAD) 2MZ, 1.5h fEL, REMNE Z2HES I 7,
25 DMBIIIISAE T, HE IR 90 gmol mP s & L7,
RIZ, FHYIAIE O 2R JE NG % BT 2 BRI 5 s
I— A FDFE (Colling ef al. 1998) 1ZF >, ML
WA T, TOHETYH, WRICIE Eido ALKz v
7zo S. fluviatilis 1%, Ev 2y FT6wellv4 70 7L —
ML, 030 M2>=F—LE 05 mM EDTA & L < IZ
—HDADBEEHFTOh, 1hFELIEF2hEFELZDL, A
WaEE{h, CaCl, 2001 mM, 0.1 mM, 1 mM 713
10 mM & A 72 burst buffer (50 mM PIPES, 2 uM MgCl,,
5 mM EGTA (pH 7.0)) T, A3V TYIKiL 7%, burst
buffer i, MMM — 2 FMERICH V2 D D ICHML 7241
I LTz, ZDHARZAY—LERy FT24 wellw4 707
L — kg, CaCl, 2% IEE & A 7 burst buffer Z & L —
ERFEEE U 7z, S. ellipsospora 22T b RIS T 72,
025M~>=F =&t 0.5 mM EDTA OERFC 1 h &
L7z®%, 1 mM CaCl, % & A 72 burst buffer ¢, A3V

VCYIBiL, 30 min #HE L 72, Z 08, YIW L =Ml (DIF,
cutcells ML) 1F, BEMINEDBEICH W,
KEWNEDOBIZE X, RDXH AT, 74 I Pk
% NaH,PO,-Na,HPO, #ZfEi (DA%, Na V) ¥ WEEAER & I
) (pH7.0) A (RAHEE 50 mM) L7 3.7% hL A
7T & P30 min @& L, BEERPTHIYVICK
DYWL 7z, cut cells iZDWTiE, 24 well v A 710 7L —
I N C burst buffer % B &%, 3.7% F VA7 VT & FIER
30 min & L %, BEBOEMEIEX, 2mL Ty Xy P
7% 2— 7% o7, 50 mM Na Y v BEEEEE (pH 7.0)
T3 T TV, REHEAEK Na V) v BEER (pH
70) THEMWR (RKMEESO mM) L 7 1% Nonidet P-40,
04M~<r=F—)) T3hUIL 7, FATGERTAK%Z
W7z, 100 %45 @ monoclonal $i chicken o tubulin #T
& (Oncogene Research Products, San Diego, CA, USA)
T WL B (4°C) L7, 50 mM Na U v f&#E i (pH
7.0) T3 T WEE, 200 %458 O Hi mouse Ig G Yiik
(Alexa-488 #ii#r) (E+7 A4 )V ARDEMEE) <2 h (Fi)
LR L 72, 50 mM Na V v &R (pH 7.0) T3 E$7
w7242, 0.1% p-phenylenediamine dihydrochloride % & A
72 Mowiol solution (Osborn & Weber 1982) % f\wT 7L
87— b RERL, HSOGEEMEE BX50 (U v o8R) Tl
LERZIE L 72, BRI WTIE, HEHIZS L 80~90°
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ZHE, 10~80°%ftw, 0~10°ZMt & EEL, FHIDOREH
INEZFOMIED, Eofiiaz (20) o3 2H &% KD
7o. FEWIZ 5 TV (RRAE% 100), F¥fEZz ko7, H
FopkiE Lic  williaik, 6% CCD 4 X 7 DP70 (%
YU RA) THREL, IR ZRE L7, 7, ROIFESEA,
5 oA T,

NaCl, KCI, GdCl;, v~ =F—), ZFL V¥ 7 IV
PUiEiiz (EDTA) 13727 4 W ARPEHEE, o2y F 1%
7Fay, FYa—LI—F L7 I UNERE (EGTA) &
DMAP iz 7= 7L R v F, D,O (EK) ¥, FhH74
TAIDEZNZFIEAL 72,

BREER

BUNE IR Y v X0 EF 2 — 7 ) v MNE S
VRRTEED) VEBBILDOWNR E > TS & (Sasabe &
Machida 2012, Fujita et al. 2013), m#I ) v EALRHEH]
DMAP D&% ~7:, S. fluviatilis (Fig. 1a) 35H (2%
DMSO T 18 h L) ~Tid 3§~ T DMl A3 T 16 0 22 e i
/NVE (Fig. 1b) Z o Twiens, U v LkLEH DMAP ©
I8 h BT 2 &, Ao ADEEMNE (Fig. 1c) ZFi>
HHE 23 95% B sk (Fig. 1d), 24Uz, S. fluviatilis i<
BOTEEMINEZRESIE2 2 L iA2 2L 2
RYOHI L eotz, L, ZOBHRICET 2 ViRLHE
HIDMAP ©% —77 v F3AHATH >z, HlZIE, Fa—7

Fig. 3. Orientation of cortical microtubules of Spirogyra fluviatilis
cells treated with mannitol, mannitol (a) and EGTA (b), or
mannitol and EDTA (c). T, transverse; LO, left-handed oblique;
RO, right-handed oblique; L, longitudinal. Experiments were
repeated five times and average values are shown with standard
error.

VoY YEBLIEUNG B ALENT B0, NRENOHE
I &0 RIFRNVE ORLFIDSZAT 2 2 & IFBR LIC < v,

R L 2FARS &, 135h TESHADHEIED 84%
IZ%h, 18h (89%) LbE W &EbS AN (Fig. le),
135h 25 18 h iZH T T, REBINEDRINDEH G H F
DALV LS, ZOMETIERICLESTAILRD L
Zz2ohiz,

REAET, REMAINEZ{HCT 2 ERAoN TS~
v = k=), NaCl, KCl, #E/K (Iwata 1995, 2001, Iwata
& Ttoh 1998, Iwata & Sano 2005a) 122\ CH[EERIC 18 h
WP 72 L 25, NaCl & KClARTIIAESEADRHEL 72
LbDD, == F—), FEKIZOWTIIHD £ F THENR
sierot (Fig.2), v v = b — VP ER A L 72
Vs, HKIZEET 20T, I ORE LA & DR
BHERTE o, 72, IS DUITHtDELRZ b O
MAE2BELL Zehr o 72 (Fig.2) 226, BEAI TRV E,
HEST 1 DR NE B S N WITRRIEDYE 2 6 N,

Rz, BESGECRBEMNEORMICHELZ 525 2 L3
MoNTWw2¥L—hAl (Iwata 2001) D&%, BRI
WE Doy =), BAKEDHAGHOE TR
LA, v v == Lo, EGTA TIHFEBH o k-
7273, EDTA #MZ % L7258 A ZE ML 26% RS
7z (Fig.3), E-HKDGEIIHENRA SN d -7 (data
not shown), EDTA 3% ERIPEMRZERB L 202 &6,
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Fig. 4. Effect of reagents on orientation of cortical microtubules of Spirogyra fluviatilis cells. a. Effect of lovastatin, inhibitor of sterol synthesis, on ratio of cells having
longitudinal microtubules treated with NaCl, KCI, mannitol, D,O and DMAP. Experiments were repeated five times and average values are shown with standard error.
*P<0.05, **P<0.01 (t-test). b. Effect of Gd™, inhibitor of mechanosensing channel, on orientation of cortical microtubules treated with D,0. T, transverse; LO, left-
handed oblique; RO, right-handed oblique; L, longitudinal. Experiments were repeated five times and average values are shown with standard error. ¥*P<0.05, **P<0.01

(t-test).

JFIERE D M TAE T 5 Mg 2SECAfIEc B b - Tw 2 1)
MDD 2, EATETIZ, EDTA B CRAICAE S5¥AD
Hona ZpfonTsh (Iwata 2001), ZOHEELE D
FIEL 7\,

L2L, ZOMRLED, BEAETRSNIHEA DR
JEMUINE & o 7, MEAIERVWEARER L
Pote, TOIMPITONT, M2 DITIEBEAICLD
MO DDEADBRETHE ZEBEZONDL, ZOE
{L2RET 2 7-DI12%, HEHORBHNE 2R oMo
mzHET 2 HEROBRBERERTH 2 E-BbNn s, 22
T, BEAECRBEMINEEZHICT 2o TwsE <
v ==, NaCl, KCl, E/KiZMZ, DMAPIZ2WT,
FITRANRYF v (RTu— VAR EARD) (Alberts ef al.
1980) DEEFNIE 2 5, fEAMORBHING O HBLE
N2y FreHEZN, KCl & DMAP T 1% /KiE, <>
=} =, NaCl, K TIZ S%KHETHEENR S/ (Fig.
d4a), 7, 7V ¥ LLERBEHNEZROMBES, BUNED
EEPHEFEINLMBIEZR o257, 2D LSS,
fluviatilis TEIEBNE DR 72 5 720121, BUNE DR
GLEBEICuRNRY FUDBHET ZHT, Hl2IEHEO AT
O— )UHREETH S I LRI N, BT, RiE
NG DIRAIZE & D A 5 1 — VIS E DR T HiE
FOGIZBE L Tws, L, REBNEORMELE AT
O — )LERIE, L L 2 BRTH B EEZ 5T 5 (Hoson
et al. 2009), BE LMD, ko BEEL - & Eig, WHE

DBIRDPZEL L 2D D 2, 74 2 FuTcoRBMNE
DEAZAGIZ N T 2 2 F 1 — L OREAOWEIL, FEMING
DOELAFIME & v ) BT TR, WMPELORED 5 b
DRV, BRI, 74 2 FujEld, BEEAYICE DI WIRKE
ORI EENS (Delaux et al. 2015) ZE%2EZ 5% &,
BRIZ I HICHEE S,

HKIZ, BUNERLENZIEE LMo T w3 (Itoh
& Sato 1984), L22L a2y F v NEKDEEZHET 5

e, EKIZUNRYF DY =y FORFENLT,

]

MBS E L Tw 2 2 eV S e, BIZIE, JFIPHEE
DIFEWEE L T3 ARRENEZ NS, 22T, FHEHE

ISR 2 5.2 2 WREMED & 2D BLEHRI DR 2~ 5

LI L7, BEWOHIMZ AT v 2 VIERITH 2 G 2 H W,

-

Fig. 5. Three phases of orientation of cortical microtubules of Spirogyra fluviatilis
cells. T, transverse; LO, left-handed oblique; L, longitudinal.
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Fig. 6. Fluorescence microscopy of cortical microtubules of cut cells of Spirogyra fluviatilis. a. Transverse microtubules. b. Oblique microtubules. c. Random

microtubules. Bar = 30 ym.

RFWUNE DRI XS 2 KD EENOHEFH 2R L
Too ONRY F vl E RO 2T/ & 2 5,
fit 7 moRERINE DO HBLZHE L, 1% KETHEEVR
sz (Fig. 4b), ft-> T, HAKDWEDIFIHEIE /L <
WRTAREIE T B ElbNn s, ZOgAICE, RIPERK
DFEARKE L TOEKDPE R Z Fi> T 2R (Fl 2 ILHE
KZD b DODBFIERI W2 5.2 5275 8) BHhH, R
JEfUINE DL % 5 Z 2 55121%, HAEKELEDIS AT
LaEZ LI LICHERDED 200 Lk,

$ 7, BEBMNEDHEICR 3 -0121F, 2570 —LAH
D &I T R DOTEHEL B RETH Z L EZ SN
7o, WIEAKLERLZD, RESIE¥RVSHOFETE, Z
DIFHALDE Z & 2 WAL H 2, TN6DZ L2 b, S.
Sfluviatilis DRIBHUNE DBELIANICIE, §, LHSHA, fitE KR
M 3 2D L - E ST 2 L E 2 65 (Fig. 5).
FEoRAG, 1 DOLEMHE L TEIEL T 2 HREED S 5,

Kz, =v = k— & EDTA T & 5 EZEH/NE O HZE
LIS 2 4 4 VIRESOEZENFE L2 A5 720, gk
I—Z FDOFE (Colling er al. 1998) (THHALLDFTHLD FEhk
R CENT L 72, AEEDMIE% burst buffer & HCHIHT L,
JFRIGERIC K & U 72 RIE/NE 5 burst buffer iz @ H L 7
cutcellsicL 7, ZLT, buffer O %2EZ5ZEI2k3
LIEWNE DELIMZAL 2 FART,

030 M <> = bF—sLi2 0.5 mM EDTA %l Z 723K+ T
1 h & L 7z cut cells %, CaCl, %l Z 7= burst buffer ¢
05hEHET 5 &, 001 mM & 0.1 mM TI3FREHNE 138
D& (Fig. 6a) TH-o7%h, 1 mM T3S EA DM (Fig.
6b) ER.5N7, 10 mM TIEHERZY T v ¥ LA offla (Fig.
6¢) B T4% (ML 7= (Fig. 7a)., Ca® 1%, /N %It
HAE XY (OBrieneral. 1997), HALL 7fuNE 23 L <
Wl tEZoND I EDS, MhokEs¥A, EodADS
7 vy L0, GSHEIOWRITHEL TR EEIGN

5,
¥7:, 1 mM CaCl, DIRDRERZ L EZFHRS L, 05h T
7 YRR ER SN 70% 1h TiEf30% /1o
7z (Fig.7b), BIALBERERIC O WT O BT L 7248, Wi
WIS T v F LML 7. (Fig. 7¢), TNHIZEBWVTYH,
oo h, EovAidre vy a2 L7 (Fig.
7d), i, HiFE, MHRELIMTEE, RIS MRSt ORI
fbcdbh, TS DBKRERIEL T2 REED S, fid
Lk die, EoRABMLEMHTHE EEZGNS L
»5, ZOMIFEMES D 2BERRL 72RE2 KL Tw»
2EEZLND,

Fig. 1 & Fig. 2 D553, FLMES oA RN cE 21
B D 2, M CRBRUNE ORLMICEED Lo lcv v
== VR EE B TE o, FEKIEH
RN DEKIC LB & 2NEC, BUNE 2L S8 A 1ERDY
570, AL LZE) BEOHMES DI RKICOHS R
ol Dnb L\, ED H - 72 DMAP, NaCl, KClI i,
MR A D ARSI 2RI LN T 2 2 L3 TE
%, ¥, HEIE, < v =1t—, EDTA Hfltcixidianic
o LB o - (data not shown), £72, 5D
R, ZOFHOMBIIEIERBMNEIIR I DRk
WEZ 5Nz,

HKRDBEEMNEORLAICE 2 285, REMINED
EEAGlEIc>WT, FWEROEEKkEZ DGO AT L%
# Z DB IC O LTI R 7, T4, FIPERER O
&9 BRUKEORmMAEIC, BiEZR->728 4 okoM ([
R EEDOR) BEET 2 W) FERD D, &2~
WD K E v ) SRR ENT WS (Pollack 2014), %
MIE, EARREOZIC XY, Rk R o s B
254 THBHFET 5 (EH - R 2016), S. fluviatilis O
RIFWUINVE ORLIANIIEHE L B H 2 2 EMESINLTED
(Iwata er al. 2001), F 725 R HLHE S OB RIFIRE EFH
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Fig. 7. Orientation of cortical microtubules of cut cells of Spirogyra fluviatilis. a. Relationship between orientation of cortical microtubules and concentration of CaCl,.
b. Change of orientation of cortical microtubules after cutting cells. c. Relationship between orientation of cortical microtubules and time length of pretreatment in 0.3
M mannitol and EDTA solution. d. Three phases of orientation of cortical microtubules. T, transverse; LO, left-handed oblique; R, random. Experiments were repeated

four times and average values are shown with standard error.

ICHIRT 5 2k, FEICIIEE, SrtkeRio 2 L%, REM
MNEEZNZRDBECRE L, WE L ZEMERS L L
R, R E D7 Fu P — g2 itED 3 L #i7 kA
PEDSBAT 2000 Ltz s,

Riz, == b— & EDTA %%, WEO74 3 F
v, S. ellipsospora lZ oW ThiEf L7z, 0.3 M 2> =hF—
NTRFRIVESHT 22 EBH 5720, 025 Mz L7z, &
T 18 hifE < &, %k & DMl cRIGH/INE DT E D
SHEEEL, TERRIC, ZOREIGIAICH > TRYM LI
W27 (Fig. 8a—c), cut cells i W T b [FAEDOMEAA RS
7z (Fig. 8d,e), LoL, EEBKEVEVH, HIVY
TUIWI§ 2 & ELWT 2 2 3% o770, EWIEHIED
ACIED 7, MU 74 FrETd, REMNE LFRIVEK
E DBIRITE LY D 2 TN D 5,

FEMUINE DELHETIMEIC oW TR, 5, HoMbos
HOOMRL k) L3nTkh, MNH (2018) DRFUCHE
Lv, ¥Tab—vavick), Ml@OBRE EDODRF25
FEMNE ORI Z R D 23AA D2 I N T3 (Allard et
al. 2010, Mirabet er al. 2018, Chakrabortty et al. 2018),
L2L, WHEOY I 2L — 3 v TRERBMINE OEIIIR
BBIZT v LICRET 20, MlEsHECHNEREAGERD
U AN —CREMNETIDTER S NS & &2, PO

INEIZT VI LTI RV EDOHEDH Y (Lindeboom et al.
2013), EIHEIFET 2R H 5, 72, Bl
ZA6$ 2356, EEROBIA SRR 2 RIERE S
n3, L»L, SHEAGES. fluviatilis T, Hliid~r=
b —ouiz & O #ET IR U 7 RIERUNE 038 D 7 1R & 1T
BEAANICZ{E T 2 (Iwata 2001) %%, Zo@Eficl, BES
T AN L 72 UNE L BIE STk, KX T
BERIPEBEORG7KIZ DWW Tt 722y, B CHHMR L TR
212l ThH, YATLZRKT 24 DRSNS 28 %2
PRI NETH S5 L I IcBbh s,

AWM TIE, 7F 2 FuoRBBMEICOWT, EG%E
fEb 2 ORI LD R, cut cells ZFIH L 7T 7515 0 Bi¥
BEOVTHANL, REMNERmO 3 >0 (Fig.5)
VIR, BIPERORG/KDOBEG D REEN: 2 ElzDonT
EL A%

BHEICIE, PR EREICHRY v IV L, AE
NDT7 7 —FPEG RN D 5, Fz, HiifEe—71
WAl A ZZHIIERE, ERMIIEZR & o@D D D AMAERFER R
HTHHEVIRNND L, EREMEDY » > 7 ERlDE
JEHUNE IR DT SRS T B (Bl 213, Wasteneys &
Williamson 1989, Iwata & Shinmen 2007, Sommer et al.
2015) %%, &9 —LRTI 5 ICHRZRAIFZFENRIC %4 5 AT RE



74 2 FulEoRERNE DR 141

Fig. 8. Photographs of cortical microtubules of cells and cut cells treated with mannitol and EDTA of Spirogyra ellipsospora. a. Cell observed in bright field of view. b.
Microtubules of the cell which is the same as (a). c. Microtubules of the cell enlarged in white square in (b). d. Cut cell observed in bright field of view. e. Microtubules

of the cell which is the same as (d). Arrowheads indicate microtubules. Bars = 30 ym.

WD3d 2 DT\ dp, ABFTEADS, HE 2 M 7R E RN
DRI > EHZBT 2 EonTIChNIFEEZLZRHET
b5,

51 FARER

Allard, J. F., Wasteneys, G. O. & Cytrynbaum, E. N. 2010. Mechanisms
of self-organization of cortical microtubules in plants revealed by
computational simulations. Mol. Biol. Cell. 21: 278-286.

Alberts A.W., Chen J., Kuron G. et al. 1980. Mevinolin: a highly potent
competitive inhibitor of hydroxymethylglutaryl-coenzyme A
reductase and a cholesterol-lowering agent. Proc. Natl. Acad. Sci.
U.S.A.77:3957-3961.

Chakrabortty, B., Blilou, I., Scheres, B. & Mulder, B. M. 2018. A
computational framework for cortical microtubule dynamics in
realistically shaped plant cells. PLoS Comput. Biol. 14: €1005959.

Collings, D. A., Asada, T., Allen, N. S. & Shibaoka, H. 1998. Plasma
membrane-associated actin in Bright Yellow 2 tobacco cells. Plant
Physiol. 118: 917-928.

Delaux, P., Guru, V., Radhakrishnan, G. V., Jayaraman, D. et al. 2015.
Algal ancestor of land plants was preadapted for symbiosis. Proc.
Natl. Acad. Sci. U.S.A. 112: 13390-13395.

Fujita, S., Pytela, J., Hotta, T. et al. 2013. An atypical tubulin kinase
mediates stress-induced microtubule depolymerization in
Arabidopsis. Curr. Biol. 23: 1969-1978.

Hoson, T., Soga, K. & Wakabayashi, K. 2009. Role of the cell wall-
sustaining system in gravity resistance in plants. Biol. Sci. Space
23:131-136.

Ichimura T. 1971. Sexual cell division and conjugation-papilla
formation in sexual reproduction of Closterium strigosum. In:
Nishizawa, K. (ed.) Proceedings of the 7th International Seaweed
Symposium. pp. 208-214. University of Tokyo Press, Tokyo.

Itoh, T. J. & Sato, H. 1984. The effects of deuterium oxide (*H,0) on
the polymerization of tubulin in vitro. Biochim. Biophys. Acta
800: 21-27.

Iwata, K. 1995. Regulation of the orientation of cortical microtubules
in Spirogyra cells. J. Plant Res. 108: 531-534.

Iwata, K. 2001. Studies on Factors Affecting the Orientation of Cortical
Microtubules in Selected Plant Cells. Doctoral Thesis. Kyoto
University, Kyoto.

Iwata, K. & Itoh, T. 1998. Effect of ion on the orientation of cortical
microtubules in Spirogyra cells. Plant Cell Physiol. 39: 1099-
1103.

Iwata, K. & Sano, Y. 2005a. Effect of D,0O on the orientation of cortical
microtubules in Spirogyra cells. J. Biol. Macromol. 5: 61-68.



142

Iwata, K. & Sano, Y. 2005b. Effect of functional water treated with
materials irradiating far-infrared light on the orientation of cortical
microtubules in Spirogyra cells. J. Biol. Macromol. 5: 31-38.

Iwata, K. & Sano, Y. 2005c. Effect of electrolyzed water on the
orientation of cortical microtubules in Spirogyra cells. J. Biol.
Macromol. 5: 53-60.

Iwata, K. & Shinmen, T. 2007. Microtubule orientation in globular
leaflet cells of Chara inflata. J. Plant Res. 120: 647-650.

Iwata, K., Tazawa, M. & Itoh, T. 2001. Turgor pressure regulation and
the orientation of cortical microtubules in Spirogyra cells. Plant
Cell Physiol. 42: 594-598.

Ledbetter, M. C. & Porter, K. R. 1963. A “microtubule” in plant cell
fine structure. J. Cell Biol. 19: 239-250.

Lei, L., Li, S., & Gu, Y. 2012. Cellulose synthase complexes:
Composition and regulation. Front. Plant Sci.: 10.3389/
fpls.2012.00075

Lindeboom, J. J., Nakamura, M., Hibbel, A. et al. 2013. A mechanism
for reorientation of cortical microtubule arrays driven by
microtubule severing. Science 342: 1245533.

Mirabet, V., Krupinski, P., Hamant, O., Meyerowitz, E. M., Jonsson, H.
& Boudaoud, A. 2018. The self-organization of plant microtubules
inside the cell volume yields their cortical localization, stable
alignment, and sensitivity to external cues. PLoS Comput. Biol.
14: e1006011.

KHFE 2018, REBUNE TH1) 0 H CHARIE T 2 Mi#E . BST-Review 9:
111-119.

Murata, T., Sonobe, S., Baskin, T. I. et al. 2005. Microtubule-dependent
microtubule nucleation based on recruitment of gamma-tubulin in
higher plants. Nat. Cell Biol. 7: 961-968.

eS|

Nakamura, M., Ehrhardt, D. W. & Hashimoto, T. 2010. Microtubule
and katanin-dependent dynamics of microtubule nucleation
complexes in the acentrosomal Arabidopsis cortical array. Nat.
Cell Biol. 12: 1064-1070.

O'Brien, E. T., Salmon, E. D. & Erickson, H. P. 1997. How calcium
causes microtubule depolymerization. Cell Motil. Cytoskeleton
36: 125-135.

Osborn, M. & Weber, C. 1982. Immunofluorescence and
immunocytochemical procedures with affinity purified antibodies:
Tubulin-containing structures. In: Wilson, L. (ed.) Methods in Cell
Biology. 24. pp. 97-132. Academic Press, New York.

Pollack, G. 2014. The Fourth Phase of Water - Beyond Solid, Liquid,
and Vapor. Ebner and Sons, Seattle.

Sasabe, M. & Machida, Y. 2012. Regulation of organization and
function of microtubules by the mitogen-activated protein kinase
cascade during plant cytokinesis. Cytoskeleton 69: 913-918.

Sommer, A., Hoeftberger, M., Hoepflinger, M. C. et al. 2015.
Convoluted plasma membrane domains in the green alga Chara
are depleted of microtubules and actin filaments. Plant Cell
Physiol. 56: 1981-1996.

Stoppin-Mellet, V., Gaillard, J. & Vantard, M. 2002. Functional
evidence for in vitro microtubule severing by the plant katanin
homologue. Biochem. J. 365: 337-342.

Wasteneys, G. O. & Williamson, R. E. 1989. Reassembly of
microtubules in Nitella tasmanica: assembly of cortical microtubules
in branching clusters and its relevance to steady-state microtubule
assembly. J. Cell Sci. 93: 705-714.

FRAEA - BERRE 2016, 23 F 23BCI 2 CR O W —— i . AL & BH
64: 220-223.

(Received June 1,2020; Accepted August 3, 2020)





