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Actin wave mediates cell shape-dependent actin accumulation for protrusive
activity and cell polarity formation

Inagaki, Naoyuki
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Spatiotemporally organized actin filaments re?ulate cell shape and motility.
Assembly and disassembly of actin filaments are regulated biochemically through cell signaling and
actin binding proteins. At cell protrusions, such as, filopodia and lamellipodia, actin filaments
undergo outward polymerization and push the membrane to protrude. Here we show that cell shape also
regulates intracellular organization of actin filaments: protrusive cell regions recruit
treadmilling actin filaments. In astrocytoma U251 cells, actin filaments traveled to the direction
of polymerization through their treadmilling and anchoring to the plasma membrane as actin waves.
Inhibition of actin wave translocation resulted in fragmentation of lamellipodia, thereby disturbing
polarity formation for cell migration. These data suggest that the cell shape-dependent recruitment
of treadmilling actin filaments promotes formation of actin-dependent cell protrusions for cell

morphogenesis and motility.
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TIOFT4TA 2 NI RN TEA T I v ZICESEREAZITY) Z EI2L 0
Rl DOFEREF OB B 2 5 S 2 3, FR2, BB oM TIL, £o8micr 7 F
VT4 T A IPERB LT EITHAICE N T EA LB CTOREAZEY KT Z
LXK VBEIODDES NEERBTZENMON TS, LN, MlaH)
EHIEETZOII, 1) TI2F 7407 A2 MRS L CREIT ML o a8
HL£FEHIENTELZON? ii) WL THIRA 8 Rm2 Bk L T 32 &nT
X DD E VS TR RN KRTT 5+ 072 2 IXRTEH LN T RD o7z,

(T F W W, TIF T4 T A MR T 7 FUEES T EBICHIRNE R
T 2BLTHY, ZHE TR~ Il THEN e ST 5 (Inagaki & Katsuno
Trends Cell Biol 2017), 7 7 F K OAIANBE O 73 THIEIZE & < RBATE o7y, &
UL, Fx k. MREBENTREIT ST 7 F USRI RSB LN T T
A4 TAVNOEGEREBAIZE > TBEIT 28 L& A 7 ORBIN S 7 s < b
% Z & &iE L7 (Katsuno et al Cell Rep 2015; Inagaki & Katsuno Trends Cell Biol 2017),
TRbbL, T FUWIAHET DT 7 F o7 4 T AL MIFOERWNT 7 F LD
AT HMICmW TR Y, £ TY B —%1 Shootinl <> Cortactin & FldH5 4> 1
LI-CAM # /I L CHIEBICBREBO ONEDT, 77 F 74T A MIEATLT
7 F U FDRE SO EAICH D - THIE 2B+ 5, £7-. BLESH
DO ENT=T 7 F 2 F /) ~—& Shootinl 73 1%, JEHIC X » CHIGFICBEIL C7
TZ 2 CHAMIND, ZORICL THRNEZBEIT 27 7 F 0747 A MIL 7
JFUREE TERERET 27200 RS LTHI#IET 5, S HIZ Shootinl 237 7
F W E & HITHRGIRD S B RICEI#ET 5 &, Shootinl BT 7 F LT 4T AL RRR
L1-CAM & 385 U TG J) 2 A A U S8 O MR 2 51 5 124 L CHih R fif =R oM
BE)jZo| &k 292 & ZFE L7- (Katsuno et al Cell Rep 2015; Minegishi et al Cell Rep
2018),

2. WED B

ATETIX (77 F 7 4T A bW LRI TRFTEIIC B SRk %2 L
THIIRBEZ 5 X T2 N TEX 00 &, Bx ORI IV—T BRI 55
Lic I 77 F ) OBEBOS T A=A L EZOREN R FEMNGHRRTHZ &%
Higd, AHFETIE, BOBMATRIOMICIZIESWT, BROZMRBEE) & Eerto
FARFICE S, BRI, T7 7 F Ui 2Mlaoni-boflE) & ko
THIZE DT 7 FUEOFEEBORIE | NoRDRT 4T T 4 — RNy I —T DR
AEEITO ZET. T F U7 07 A bOHE B L MIRBERLGOHEAIZE S,

3. WHED L

HIIRNT 7 F > 7 0 T A2 FOZEENX, 7 A a4 h—~ U-251 #iid (Nakao et al
J Cell Biol 2008) % %% L CH#MT L 7=, Shootinlb / > 7 7 7 ML, CRISPR-Cas9
VAT KERAWTHER LTz, £7-, U251 MlaOEELEIC~A 7 a ¥ — 2T
THILIZEY, MlRoEEL BRICER S HEM AL Lz, BRI, 11—



P—IMTEKEZHNTHT T A EICEAEOT I =D~ A 7a"Zd— 2L, £ 2
I U251 filaAai5#8 325 2 & T, U251 MildDEREZ R4 A2 6T 5 —MABICE
A

Shootinlb % DAL N 53 - JE TE DFEHT IR FGTIAR 2 F N T S MR e 8 CREMT L 7=,
Flo, TI7F U747 A2 MROEOYAZLT 5 1T1E Phalloidin & DAPI & Z41E4
7o, AR OBIZE K OREE I, SOCBIMEE, ST BMEE S K ORI B EE STED
RN ToTle, T7F 0010 1 T itllB X OT 2 F o7 40 7 A S O#REEHH
IZ. HaloTag-actin & EGFP-LifeAct (& %\ & LifeAct-mCherry) ZiLZILHW T, &K
STRAMEEIC X 2 RRGPIRIEE 721X STIRIED ¥ 1 LT T R 21T o 1=,

4. WP
(1) BB TIF T 4542 MEHRRH OO R > - BEICRET S
AT, TFTT7 R o b—~ U251 a0 Z#kk (Nakao et al, J Cell Biol,
182, 395-410, 2008) % HWTHIRND T 7 F 7 4 T A2 N OBREMNT 21T 572, =
OFBERIL, RER T ORI O BN T HMEE R L TERICE 2 LR H
NTCW5b, U-251 HifEix, FERROIRIE T, SKRBUESCEERBUE D> D 7 5 i &
L, 727F o747 A MILERIER L, — ., ZABODII=v~A7
moE = FICHIR LTI TR, 727 F o7 4 T A2 FAHIaN, & 5ISHaso
PCTH=ZMAEO3INFTOAOEIRICEMET 22 R bholc, £Z T, KIC
LifeAct-mCherry Z W TN DT 7 F LU BMEER T A TA A=V T L& 2 A, 1
AR D 2 WIFSRIRIBEIR DO T 7 F oA EZ B X [0, X4 ) v 7 Il
D 3FTOAIZIRMET H Z ERHALNERoT-, o, ZAROMAE 30 FE, 60 [,
120 £, 180 ELExT2T I =~ A7 a "\ —vERL, A Lz U251 filaiN
DT IFLT4TA NOJFERNT LIZE 2 A, AOMEEN 120 D 30 &
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72T 7 F 7 0T A2 SISO O A o T LI IRAE L. ORRMEE I X
DD RS- TEEDL T ENALNE 25T,

(2) U-251 MBRADT7 U FURITES LRES (Treadmilling) ZHRYRLGNLE
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RIZ, HaloTag-actin & RRHFBMEBELMHAGOETT 7 F o3 +D 1 517474
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BIEDENLCHET S Z & 2#HE L7 (Katsuno et al, Cell Rep 2015; Inagaki &
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> b % Phalloidin &6 U SEEIR OFHRE Z &M LR Z 72 | B OB EEIL,
ZDY A RPRE DR BID, FIERO — I DB 5 D ERITHFEE L TWH D00
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776
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