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BICko>TRAIRIELI-EMZRLT. REWUNEDEIREE MAP65 DL ANILELEENTSFE
TH=D . (FEEHITET B1=012. MAP65 =1+ THL D M/NER SR I\ B LR
HEEL. ENICKLIEDOHEZILICE TIMNEREIV/NNVEDOREIDEBAEZBET L
Ltz. £, EEMLHETICEALTIE. BERMICRET570F—2—%F AL TH/NEREE I
NOBEZRBFSET-EYERBEL. EELFRADZEELT-, THIZ, Resist Tubule FHEER
(RERFARE: REEZERICBVLT. REPCLAEHLELDILOD. EEFREDBHENAE
WMETITEMND, REBOENIZ ECFREDHEREZMNAITLHILERFATHILLELT,

REFICZERBLTWVD0MXF AT OEGFHRBARKRE. B—EARNT, NEDERE
2THS avFa1—T)> 6(TUAB)E GFP DFERE A /U EE MAPE5-1, EfzIE. MAP65-2 &7
BEILI /NI E(MCherry) DGRV INVBERTRIE LD THo Iz, CNHEDFAUTIL. [
—ERRA TR FKIRSE 1= GFP-TUA6 ZREFZELELL . mCherry-MAP65-1/MAP65-2 DL )L
NI HIENTE -, ERIEHT —ITHRIRRIC. [FFIIBEHOBRALBEBREOM EET
IWERWT, ChoDSAVDERETEELI-ECA, (FEAEEANBESINGEI o=, -,
[F(XS1DHESNIEWMEBIZIX. mCherry ADTAILA—DEL FTB LIFD)Y—REE{ETERL
EDDS [FEHTESAUE GFP DHEL. [FXSIDEAEMBE CHETESLS/UEERNTS
CEITLlz ZDHRERERBAHADTA M, BHABRENTL AV ARDELY GFP-TUB6,
BPP1-GFP. SP1L3-GFP, SPR2-GFP #{Hd 4 &&Lt=, F£f=. MAP65 [ZRLTIZ. #ht=l<.
GFP SAVEMESIL, BABENEL AVISRAMDEWNEDERGILT-, ZDFEE . MAP65-1 T
(X, TEIXS D HEAIEMBE CTEHEARELSA N AFHE-H, MAP65-2 TIXER TSN o1
DT, MAP65-1 DAEFERTHEELT=,

LD &SITEIRLT: GFP SA4UA ., AR LRIRICBE QRE T TEAKRGERY., F=.
MNECHNEREEIVNVBEOHEEILEH R TEOINEHRALZ, TOHER. IXTO
GFPSAVIZEWT, AR LRERRIC, I 7EH/ILEE TSR (CH L TIEIHH D #I 20%0D $81)
[ZHWT. 300 cDBEBEAICKH>T, HEAEI/IIFIESN ., BRERISRESNT=(K 3-1), F=.
REMNEDEMERARZECH, TRTODSAU T, BFAEBERRRIZ, $F(. YT FTEAILEE
[CEVWT.BEAICE ST, BREOM/NEXHF O>MIEOIESHAFEIL. HiREDHNEEZRED
DB ENEMLI=(K 3-2), 512 BEHNIZES>T, MAPE5-1 DLANILAEADT B EE.
GFP-MAP65-1 #FALNTHRIT 3 52 &MV K 1=(E 3-3), L L DHFER (K. Murakami et al. (2016)IZ
BWTHEL =,

AEBRIERBERFT—VIFEIRSNIIEFIFIFE 2 PIMAERBREFRT—ENSETIE.
F 2 HF AR BRECET HREEMOH LB OF AEERKRISER T ZEFBMIC.
GBI CEBEITOIENEH L O T, EiRD K512, MAP65 DS/ UIZBEL T, #ERIZ
BEABETH-2EMNS, £ 10 ED Run DERFDITE LITEH 2 BlIZhHIT, MAPE5 &L 5
DD Run ZEFITERT HILELT, ThHHE HIFD 5 DD Run Tl&, GFP-TUB6. BPP1-
GFP. SP1L3-GFP %. %% ® 5 DM Run TlL. BPP1-GFP, SPR2-GFP, GFP-MAP65-1 Z#fZ#T
THIEEL - BT OB L., BT IR 1 F£F D 2013 F 8 A 4 HIZHTV4 [T&o
TITbEIFoh, #BEDORF L. 2014 F 9 B 21 BIZ SpX-4 [Z&->TITb L IFoh =,
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0 30 80 90 120
MAP65-1 DL~ L (%)

3-3 MAP65-1 DL ARIIZHT HBEHDEE

FIFELRATI-LSIC, REER T CEBEITOIEMNFRIRER LTV 20 HIER
BREFLHELT. BRICWHEREDIE. TRT. BFEDLDEFERATILELH 1=, HiERER
(. JAXA IZE > TERIZERFE S TL V= Cultivation/Observation Chamber ZF|FHd A2 &IZLT=,
COHE/BRERICIE. ANN—HSRERSARASABEZFINTEY . RO TERBRND KIS
R, TLINS—hELTHEMBEEICANSIENTEREDTHS,2013F 6 A 17 BIZ. 3
BFHEEUA—IZBOT, EMBHREOFHREEITIHIC. BRERITKEHAL, ROEHHD
TWElA AN—HZADENTLE Sz, FETHIANENLZEAHNIL, FEIZERE
THAHDT. EINFREREHEEILIz, TOHER. BRAICANTZKORIFIZENGEL AN—HFR
DT, DRENESH, BIBLETREEAT VI ENREINT, KEHALTIZ. BEOK
BEBL. WN\—HSRERSARASADERBDIESEZRELIzECA, 83~158 tm THY. B
[C&oTRERIESDEARH o=, T, HIN—HSAD R REPIL, KEANTHEST EL 260
BEDEIIRLZIEN O o=, CNOEDIEMND, KEERTIE. HNN—HSADWIEZE (TS
F=BIZ. [EEDESA 100 i UEDELDFEFERATHIEELoT-, BB LRERICAWV-BHED
IERE (. 106~141 (n T, FHIE(X, 122.6 tm Thot=, BEHD AL, 200 m FBETHY. H
N=HIADNREFELATZECATIE, HN—HSRERSARHSRADEEREN 400 tm FEEIZHED
1 DELH oIz, ARERICHAWSIEMBIAEETHY. th ETIX. EHICKYEBIE, h—HS
RANTES TS, FETIE. BELAN—HSRAIEETIT . TL/IT— REFHET S
ENFREINT-, EE. FETIE., z BAROREEZTH>TEH, REHLBE, ESNHoEGZBHN
BonEWZEbHot=,

2013 & 11 B 26 BIZEMINT- Run01 [2H VT, 20 ED ML X TOHHHAEERDZIZ. 63
EOXMMLY XERANTEBREREGLESELEEDA, Hll/BEABICHALTUL=KARELD
LTLV=(R 3-4 EER), BESBAIAN D, 9 30 BFRAMEBL TULV=AY, i E TIX., REEDER D
BRETo>TH. CNIFEEDKDBEDV I RN of=, [FIXSIDEMEEIL. SV IRIZINHHS
NTEY. VIR EFHIBISIN TV, BRERIZIX. 2 BFAD T4 E—EHYE 3-5). TD T+
IWEB—[CAMNY=BET, KNKREGEDTEHEN LMo, T E—EE T T—TIC
FUHTBHLE BRICALNET-->TEH, KDBO I DA o z, 2T, Run02 LUEDEERTIE,
TANEA—EBEHNTT—TTEHTEHILEL, TDFER. Run02 LUIFEDEER T, X 3-4 TE
DESIZ. 20 FEDORYL U X THORIBERDE TH, KHB+2ITFE-> TV,

11



3-4 BIRKRTRHOHIE/ BREFNOKRT

3-5 HIE/BERR
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Run01 Tl&, BT —2DOBEAEICEAL TEIEFIFEFERNEONT=, FIEID Run &ELVS
ZEEHY. 1 AOREMNTELRYE—DEERICADLSICEHERERE Lz, . KFIC
BRELTWAIEDEBIIEZLLSE BEBEERICANSESICLE, F0=86 ., BIRBAEEIC
KETE STz, VEDDERIZE. VEDDTHIE—ICRTFSNDZEIZHLTLN =AY, 4 GB %
BRBITAHINE—IL, TAHIF—% 2 DIZHE|LIEWNER EIZA ) o TERWN ER DA o=,
Fl=. —EIZEIVUHTEBRREINL. 20 GB EWVSHIEMNHDHZENHOMot=, EHIZ, B
N, BIRBERE(T L BEICHBNEBIZRDOMNZIEN LM o=, CNOHDIEHRET
(2. Run02 LIETIE. RO I7MIL YA XEZBELLENS, TELRYBERRZ/NIKTBHIL
LT 5 1 ROREZE VOO DBEZICHEILTRE T S LLLlz, . BDIRE
Y oY R By N

Run05~07 Tl., &/ BEABNEMBORT—UICEbALEybEnTELT . ERZH
HhEZOLELI =Y, EmHhHEN =YLz, RRZHITLI-ECA, HiE/BREHZD
WK R—EDBEMBORT—EFHLT. BE/NRT—UMNSTNTLESHEERAEZ LN
fzo 22T, LUE®D Run TlE, RT—UICBEREMYMTDTHINT—IZ, BKKR—bEDTLT
—JIZKYBIET S EELT=(H 3-6), [F(F5IDIEMERIZIL. 2 FEFED 20 FDOXYIL 2 AhVE
BINTWND, BABOIWEIE. BAGBOREFIEL=B5L L2 X(PLAN APO 20 X /0.70 PH2
HC. #EBIEEEE 0.59 mm)Z ALV TIToTL V=, Run05 [2HE VT, FHIE/BRABDTIL—LITHEL,
BROHEDHDAHDOBRERAT-ECA 2 BZEZTH, ERmh 2SI, RLCEERHER
BEht-, t LETILOEMBZRNVELAS, COREFRIELI-ECH, BHDIHDH DR
EFEELESETEHE, AL URERBDIL—LHEMT HIEN LMo, BROIHED A,
HWN—HSRERSARASZADOREREI NS, ENVEERFERFLOTULVAY, Run06 LIETIE,
HORBEERMICERBLAWNILELz, EBICBRVREDRHBLHLIGE (L. BB
(FBEL TN, B LT IEALALL 2 X(N PLAN 20 X /0.35 PH1, YEENEE# 6.9 mm) Z ALY
HEELT=,

lan

WAERLTRAW ‘ %
¥ 3 el
v

=

Lo\ '3

3-6 [ZFDIDEABEBHERITEYISN-HIE/ BREH
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4 ERBRSLURE
B3

B ®D 5 DM Run TlX. GFP-TUB6. BPP1-GFP., SP1L3-GFP %#. #%¥® 5 D® Run TIX.
BPP1-GFP. SPR2-GFP, GFP-MAP65-1 Dz EEL 1=, I+ D Run TIX. T Run IZ
BWT. EABBICADDLLT ., T SAVICHIDHLT ., (FIXFTRTOEENFKFL-, BF
@ Run TIl&, SPR2-GFP [&. AI#® Run LRI, [FIFXT R TOEANFEIFLI-H. GFP-
MAP65-1 Tl&, Run IZk>T. BLVRFEDRLELEELH o1z, £, BIFD Run TITFHF
EDE Moz BPP1-GFP A%, #£F D Run TIXHEFERHIEL, $¥IZ. Run08 TIE. BLEELDLDE
HhEDEDILFESBRELIOFEFELLEL Oz, BFFEHAEL Run TIE, BHEHREFIC, TL/NS
—,RIZZLDHMEMMNRESNT=, Run TEIZIX, BFRIZIESDEAH>I-EDD . EAKREEIC
KBEFRONGI DIz, Fl=. TRTO Run DFEREFEDH T, AU TEICHETBE. LWTh
DAV TH BFRIE, EAREITHDDHLT ., #5 85%TH 1=,

‘R

RHERF M ELFETEFGI 2=, FIXZDOHEL. EHRBICE->T, KEKELHST
W z(R 41, 4-2), i ETIE, WFhDS/25, BREHEZ VD DEZEHI2EDD. EADARE
RAAMMITE>TSHELTULZ, ESADN . FETEEFEIERE#IE. SIUIThhbhiod .
BRAGAMZRVWTHRELTO . i E TEBIELFIXZ DRI, THE R (/L O—IERE
MDOEREEEILICHEL Tz, —A. FEORIE. FRLAGAFRERVTEY. KBICEM
STHELTWS3DEH o1z, FEHTOEMDOREICEALTIL. HRALBFEERICBVLTIAR
BATWS, ALFXDHMEH L. TUFD. LU, FXXO LIRS (X, BFHI LSRN TLCHM
[ZRELT=(8, 20), ESAM . A R DHMERL. FFEFAIICHA>THELZ(11, 18), FaD)DRE
X, FoTCITHRELED, DAAXFXFTORFEEIL, HLBARICERELZG, 1), ZEERIZ
HWWTH, O/ XFXFOREEH T, HLLEARIZKELZ(R 4-1, 4-2), CNODEERMD, F
HCOEYDOREAMIL., HEYBOEREICL>TERSIEN RSN,

Sample Chamber

L0 I\jll AL

ATLSCO02N

4-1 FHTEFIELVAMXFTIF

14



—t

0y -

T

N

(A1t :‘f—-!

|
T

/

!
(‘“.
Ik

t
L]

t
U=
z

- (4 —+-HH -+

T

Shk ) 2Lk

E BV

T

il

T

—Fdd =04

i
40 =0 - 00 = KO\ X
1|

P rdl 0

T T T
P A g - i B
313783
| ! : I
T T 1 T
A LI ) e L
sTsT38 T3
. l ' 1
1 T 1 1
i S B S|
| I } 1
i t } 1
nl =lol=> k
L 1 2 1
T L T U
olalal=
Py iy o
1 1 1 1
T T T il 4
e N © L= _L— L
STa+8TE5+s
1 Il s 1 {
| | T T T
o S, D N B N ™ N
~tTAatat+Ea+s
} 1 Il 1 1
T T T T T
m i =] c
o B B = O e
Il b N | I
T T e | T
T Y, e -4
L L h

<O~ 20+ 8) -

;—') ! ‘(‘:;-‘

APB5-11 1

L

=q

>
™

BSEVAA4XFXF

X 4-2 Hh b EFETE

15



4-3 OERID/ARIVIE, B b, T (X, FEHTEESE-R#HORIDOERAEEZRLTNS,
F9. .M ETOH GFP SADIFEEMDRSIFLLE T HE. GFP-TUB6. BPP1-GFP, SP1L3-GFP,
SPR2-GFP MOEEHD R EZIX, KELRE(XEM>T=HY, GFP-MAP65-1 (X, thDS 1> kYD LE
Mot=, REBREBOEICIE. DS/ OHAERERHMORIICKELRE T LI o=, TL/NT
—bRIZHEYMMNRSNT: Run TlE, BFENMEC BEHORRLEN 22N L, EEREF
DFEEEVD, FEORENEN DI MEMDEANEZELTNIONELNALEN, L&
FEHTERSEHEHDORIZLHETEHLE. TRTD GFP SAUIZHNT, FHTHE CEEHD
RENBEICEN2=(tRTE, P<0.05), B 4-3 DAERID/SR)LIE, BEHD R EZHh_ExtBEIZxt
FTHNN—EUPTRLTWS, FEHTEBIEHEHOBRERIE. SAUIThhbhod . £ 15%
DIRENEONT-, TR FRESIL, BRIC-RICE EERICHWLT. BERDOIFEHDBERENE
HEINBIEEHMELTLNA(6, 17), 1=, Resist Tubule EERIZHWNTH. FETHAR OO
XFXTORBHDERBARENMBESNDIZENTEINF(21), CNODFER T, REERTHERAL
=520 GFP SAUH, BERERBZRICENICHETHIEERLTINS, -, FEHTIX, O
AXFAFREEDQBERELHRESNT-(15, 21), CWODHR (X, A4 XFXFTlE, M/NE
HIzkY ., FEEEZEDOM EREDBERENMEESNDIZELFRLTLS, BUNEHIK. &
ERERETTHIBRRARIZLEEEEZA -, FEHCEBSEH#MOERIEL. TH GFP
SAUTH 15%BDLI=(R 4-4), th EEFETEBSIE-HEHOXRESDENL, TXTDH GFP
SAVT, HEICAEERETH 2= HIRE, P<005), TLHDE, FEHOMNEHIRETIE.
BRERFTEESNA, BRER SN, THbH5. FETIE. O/ XFXFDOEEH
(. HI<KR< o T=,

-REH/NEDENE

VAARXFTAFREEHORRKIE, EASTETH 20 BOMETERIN TS, £-. BERE
(X, TN SH T FEHIL DB TS, SHIZ. BEHICEEVAAXFXFEEHDO K EA R
DELUBREEEOIG]. BREEDEE)X, EIZ. HTF7EAILBEEHTRLONT=(K 3-1), F1=.
YITEAILEETIE, BIHOETICLERT BEAHICLEIREBEMNEDEREILNKREND
=(B 3-2), LOALEAS, FEOM/NENDREICENT. RRARCEREBEM/INEDERODEL
NHYITTFEDIEEDATRONEZMIE, hHLHWN, 2T, BE2AOH S BEZIMEL. 1A
HBOALCERDEMBORREREM/NEDERERENTTOIIEETEL -, HiE/ BRARICIE,
30 EARDEEZALHY . TRTOERADLBEHERTE T HHICIE. F1 22 #0., F=. ZL
Run TlE 40 BOBRBERTET IDLELH -, T, TR TOEBROEBREIET 510
21X, FBM5 1 BOBMZEZELz, 2010, BENSH T 7EHILDEEEFHRELI-EZIZ, &
REMNSEEBICHOTTOHEBOEBRERGTHEELz, BONT-EBREEZRT L. TLNS
—MMEEMNSEFEAEDICON T, KREW/NELMAEL. IRERLRTITEVLED TIE, HAIE
(FEAEBBEING Mo, EELGREBM/IE L. BIRHABERMISH 7 #EEOHRZTLL
BRINGN o=, TDT= . PREOEISDBHDENGEIRGFET S LI TEEM o1z F
f=. BETIL. (FEAEDEB T, N\L—ar BT THEY . REM/NEDHEERITT S
EETELG Moz, LIzD 2T AEERTIE, YT FENILBE D HEETHEELT=,

MEARRESIL. KEERTHLU= GFP S/ M GFP a4 N\ BLAREBH/NE EICBTEL
THY. REBMNEDERMBHTICFHIATESILEZREL TS, LHOLENS, BUNEAIZKS
T.GFPRLEAV NNV EDRENEILT HRIEEELH oIz, T T. EFT.GFPRIEI/\VED
BEZEANT. K 4-5F. thE F-E. FETEBSEREO YT 7EHILEEOR KR MR
[ZHB1T5 GFP RIS AV /NI EDENETHS, GFP A4V /N\VEDOREF. h ETEBSE-
FIERE. FEHTERIETRIDET., FEAEEDOLEMN Oz, THhE, EAREIChANMDL
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EEDAE (mm)
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9. GFP-TUB6. 5N, BPP1-GFP, SP1L3-GFP, GFP-MAP65-1 ) GFP & ¢ [d#HE IR -8R
AN, SPR2-GFP @ GFP ®MIEFYMKIZERERINTz, CNOoDFERMNS . REBRICAMZ 5
DDTFAVIE, FETEESELEZATH, REMINEDERMBHTICFIATELI LA RSN,

ZLNEREOREMBBTIE. REMINEDERIAHBEIS LIZESCLRI>TLNS, £2T.,
MR EHEREE X L TRETEERIE: 0~20° ), §6H(20~70° ). BEAGHIRIZE: 70~90° ). %
LTSV LBRAZEORBHNEEZEDEOD 4 BYITHIF. EDEOD/NNE—DE|IEEE
HLT-(R 4-6), th F TEBFIE-EETIL. GFP SAVIZE->T ERAITHhTMNELZLDD.
BRZOMNEEZREO>MIEOBEAEI o, Hh LOREEREKIC. FHOMKEHTE, $T
DIAVNZENWT BRZOMNEZE DHIEOEEARIEN oz, LHALELS, BRIZ DM
INEEEDHBDEIS X, EDSAU T, th EOIREELY . FHEOEEDAHH 20%E M o1,
Fr= . HOOMNEERE DHIRDESIL. TRTOSAUICEVWT,. FETEBSE-FE#MTE
TLize ChoDFBERIE. UNEAICEH>T. MIMNEDERELNEI->TLNSIEEZTRLTINS,
CDIEHESHIZHENDHD=OIZ. REM/NEDAEZMAEEZ 0° LLTRELEE 4-7),
hETCEBIE-RHMORBMNEDAEIL. GFP SAVIZE>T. HTMIIESDELHY.
28~37° THOIz. FEHTEBIELLDTIE. AEMNMETL., 19~24° (Thaotz, + 275k
A ERER TE1- BPP1-GFP(n = 158~191), 725 TAZ, SPR2-GFP(n = 39~82), GFP-MAP65-1(n
= 59~148)TlL. MM EELELTBOON-tIRTE, P<0.05), —AH. HFEYEZLDMEEE
W TEEM o= GFP-TUBG6(n = 8). L. SP1L3-GFP (n = 6~18)TlX. HEEEERHOLNLEM
2= BNEHIZKYAENINSKGBIERN D=, CNODERIZ. FEOMNEHIEE
TlE. REBM/NED ., KYBRIZIZEDIILETREBLTEY ., EERBRFICHRELRREHFT
SEERTHD,

MERRESIE. BEAHICKY . ZEOBRBEENEEIN., — A BXEENMBESNDIZEF
WELTE(O, 2), T, BEAICKY . REMNELERESHOMAIZTEILT I LEHELN
IZL=3), ZREBHM/NEDEMZELIE. HBOREARZHEL TS, THHE, EREDM/N
EEEOMIEDOBEATLE, BERRENMEESN., MtRAZOMNEEF OMBEOIEHAZLY
EBKREENMRBESND, CNHDIENS BEHICL>TENKRELHEREOIS. B
AREDRE)LZLZDIE. REBH/NEDERIEHLHMRAIESADEILICKEEEZOND, AEER
Tl FEHT, YO/ XF XA FFE@ENMHEKCECEREREORE., BREEOIGNELEE, M
EOREBH/NENEML:z, ChoDHRIE. REM/NEDERELLN. EHIZLESIEDRE
ZRICEELTWNSIEFRLTLNS,

WUINEEEIVNIEDLAL

SPR2-GFP. 5 UMZ, GFP-MAP65-1 Tl BEDTAE—4—(CKUREB AV NV BEEHTS
BTHY.GFP BAFATETHET. AVNVELRILDECEZBNTTEENTEEEEZD
N5, GFP BHIIZKY  AUNIBELARNILNBIETEDMEHERT S5-I, BRMIZHRTT 5T
OE—42—42RAVWTREIV N\ VEEZRIRIETLWABEICIE. FEEM EDED T, GFP &t
[CEMNBNIEE. ELHICHERLz. ZOHRE. BN TOE—2—TREIV/\VEEXRES
#TULV5 GFP-TUB6. 725 TN <, BPP1-GFP, SP1L3-GFP Tl&. #h FEFHEOHLREICEZR
SN ENERTE L, RIZ.BEOTAOE—F—IZLYREEV NI BEEHRRIE TS
SPR2-GFP. 725 UAZ, GFP-MAP65-1 DENXEEFBIEL-EZAH, SPR2-GFP DHEAEE(L
Hh bR EE HSEM>T=H, GFP-MAP65-1 M EFRE (X, H/NE HIREIZHULNTH 60%1E 0
L7=(B 4-5, 4-8), Resist Tubule EEEFMIERFKE: REEZHIRIIBLTE, YO/ XFXF
e SPR2 AU INIBDLARIIE, FETHEARLGNIEANAREINTLIS(21), £, Resist
Tubule EERTIE. OAXFTXFEEDTER. Lo WIZ, EFIZEW T B FREORENLT
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RN IThNTz, TDFHER. MAP6S-1 OFKIREN . HF(C. BB TRECELT HI LA RENT,
MAP65-1 DEEE, Lo, AV NIELANILIE BEHIZKYIETLG, 3-3), LI=A'> T,
MAP65-1 DL ANJLIE, FEOMNEDAISCBEADEEICENDNL DT, EHOKRESIZE
THIEShTWWSEEZLND,
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Summary report of the ISS-Kibo utilization mission,

“Roles of cortical microtubules and microtubule-associated proteins
in gravity-induced growth modification of plant stems (Aniso Tubule)”
Principal Investigator; Kouichi Soga (Osaka City University)
Sept., 2017 (Revised in Mar., 2018)

Background and Objectives

Resistance to the gravitational force is a critical response for terrestrial plants to survive
under 1 g conditions. The ground-based experiments using conditions of centrifugal
hypergravity have indicated that development of a short and thick body is the main
mechanism that enables plants to grow against the gravitational force. We have also shown
that regulation of cortical microtubule orientation by the action of microtubule-associated
proteins (MAPSs) such as MAP65-1 is involved in hypergravity-induced growth modification.
From these results of hypergravity experiments, it is expected that plants would develop a
long and thin body by changing the function of MAPs and the orientation of cortical
microtubule under microgravity conditions in space.

Research Operations

To confirm the above hypothesis, we examined the effects of microgravity on the growth
anisotropy and cortical microtubule dynamics in Arabidopsis hypocotyls, using lines in which
microtubules are visualized by labelling tubulin or MAPs with green fluorescent protein (GFP).
The growth anisotropy and dynamics of cortical microtubules in hypocotyls were analyzed
using a fluorescence microscope equipped in the Kibo Module in the International Space
Station (ISS), which was controlled from ground by commanding. Five GFP-expressing lines
of Arabidopsis were used in the present study: GFP-TUB6-, BPP1-GFP- and SP1L3-GFP-
expressing using a constitutive promoter, and SPR2-GFP- and GFP-MAP65-1-expressing
using a native promoter.

Results

In all lines, the length of hypocotyls grown under microgravity conditions in space was
longer than that grown at 1 g conditions on the ground. In contrast, the diameter of hypocotyls
grown in space was smaller than that of the hypocotyls grown on the ground. Namely,
hypocotyls became longer and thinner in space. The percentage of cells with transverse
microtubules was increased in space, irrespective of the lines. Also, the average angle of the
microtubules with respect to the transverse cell axis was decreased in hypocotyls grown in
space. When the protein levels of MAP65-1 and SPR2, expressed by the native promoter,
were determined by analyzing the strength of GFP fluorescence, microgravity increased the
levels of MAP65-1, which is involved in the maintenance of transverse microtubule
orientation. However, the levels of SPR2 in space were comparable to those on the ground.
These results suggest that the up-regulation by microgravity of the levels of MAP65-1 is
involved in increase in the transverse microtubules, which may lead to modification of growth
anisotropy, thereby developing longer and thinner hypocotyls in space. The results of the
present experiment support the hypothesis set at the start of the experiment.
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Pre PO P1 P3
& (cm) 175.8 + 3.1 1755+ 3.5 175.5+3.5 175.7 +3.2
AE (kg) 78.5+4.6 79.2+4.7 79.4+4.9 78.7+4.8
IRFEHAME (mmHg) 120.7 +2.7 129.3+5.3 131.5+4.5 1214 +5.6
YRaREAME (mmHgQ) 73.6+3.5 78.9+3.9 76.6 +3.4 69.9 + 3.3
FEHMmME (mmHg) 90.2 + 3.1 98.0 +4.6 96.3+3.9 87.9+3.3
A% (bpm) 55.3+2.8 62.5+4.0 50.9+2.4 56.7+2.4
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L, P3 I& Pre DL AJLIZETEIELT=, —F, GVS-off & weak-GVS DIGENEIL, Pre T5 = 7
mmHg-20 s THo71=h', P1 (—82 = 25 mmHg20s) LU P2 (—80 = 40 mmHg-20 s) Tl¥~<
AFRERY, weak-GVS DA A HUT B IMEAE M o7 (K 4-3),

300 - 1009 o
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\O .
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Morita H, Abe C, Tanaka K: Long-term exposure to microgravity impairs vestibulo-cardiovascular
reflex. Scientific Reports, 6:33405, doi: 10.1038/srep33405, 2016.
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Summary report of the ISS-Kibo utilization mission,
“Plastic alteration of vestibulo-cardiovascular reflex and its countermeasure
(V-C Reflex)”
Principal Investigator: Prof. Hironobu Morita
(Graduate School of Medicine, Gifu University)
November 2017

The vestibular system is known to have a significant role in controlling arterial blood
pressure (AP) upon posture transition (vestibulo-cardiovascular reflex, VCR). However,
this system is known to be highly plastic, i.e., if subjects are exposed different
gravitational environment, the sensitivity of the system is altered. Thus, it is possible that
the sensitivity of VCR is diminished after spaceflight, and then orthostatic hypotension is
induced after spaceflight. To test this hypothesis in humans, we investigated the ability
of VCR to maintain AP upon 60° head-up tilt (HUT) before and after a 127-188 days stay
on the International Space Station (ISS). At pre-spaceflight (Pre), a transient increase in
AP (11.9 + 1.6 mmHg) was observed at the onset of HUT. However, that increase was
not seen at 1—4 days after return (P1), when blood pressure decreased by 7.1 + 1.9
mmHg upon HUT. To transiently interrupt VCR, strong galvanic vestibular stimulation
(GVS) was applied, and the magnitude of VCR was evaluated by comparing the HUT-
induced AP response with and without strong-GVS. The magnitude of VCR was
attenuated at P1 (from 150 + 19 mmHg-20 s at Pre to —45 + 18 mmHg-20 s at P1) and
recovered to the pre-spaceflight levels at 2 months after return (118 £ 40 mmHg-20 s).
Furthermore, whether sub-threshold weak-GVS can ameliorate VCR after the ISS stay
was examined. The impaired-VCR was ameliorated if weak-GVS was applied during
HUT at P1. These results indicate that long-term exposure to microgravity induces VCR
impairment, which may be involved in a mechanism of spaceflight-induced orthostatic
intolerance. Furthermore, weak-GVS might serve as a new countermeasure for
orthostatic intolerance after return from spaceflight.
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