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Mechanism of amoeboid movement

Seiji SONOBE
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SUMMARY

Cell motility is one of the most attractive phenomena among cell activities, and variety types of

motility are observed in protozoa. I have studied on the mechanism of amoeboid movement, employing

glycerinated model, reconstitution model, analysis of membrane dynamics and compression model. The

data demonstrates that the dominant motive force of the movement is the hydrostatic pressure which was

generated by the contraction of actomyosin layer in the subcortical cytoplasm. The plasma membrane is

pushed by the pressure and extends forward by unfolding the wrinkles of the cell surface at the rear

region. The smooth extension of the plasma membrane is achieved by its high fluidity.
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NFEAEICE LU CERELRRERDHV E L. TD
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BEWE LR, ZWoIRIEFICESNEL, REL
BIZF TIPS L TR R>TLEVWET. £
A. proteus TIE, WAWARIEFINHINICIRE LIC
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M, EEZRTNERDEFATLE. T2 TEx
COFMRIRIZT S Z L TLA. Lo b A7 RiE AL
HETNERLS BRERVD TRV, EBXEL
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By —LOEMNOIREERE Y TS, 72
EenwHr e xLE L. MKRERITHHENT, &
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LB T, BoTWAROEER-TZT7 )Y
BTV EL. ZATREI ! Loz T
T3 ATP SR Z TN % &L LIdiEZ "3 b o
O, T <ITHIFEE A TlRE N khH LT 5
EWIHBGENREID E L. EH b TIUTIRIRER
“C AR JE B O K D3RS S, oK A oS R & (5o
TWD b TiERWhEBbonE L. ZOFET

LEBLSFERLTWEDOTTR, 05670k
YETVZ LIEMBOMICRA T OES, av T
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Y — VR OBESCANTT 72 E, MR % T
NRTWE L7z, 209 BRIRZEFR TLEET, -20°C
WL )t — LR iRENE R D T A—NZ
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LS TBREIN, KEDOEER R oD
N LNERA. 200C EWOREY, 7 A—1N0
ML R0 EBVWEEEZONET. EBREO LT
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HZEMNTEE L. Z9LT, BoTWHEOE
BRSO TZT A—=_"D T V) VBT IVEEDZ LN
TZ ¥ L7 (Kuroda and Sonobe, 1981) .
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WO DOUWHEIZHE N TR O3 08 S HITHEE BB -
EOLNTWEELE, £ L CHEFICHBAWD &I/
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TNBRFAE LS ORKREIZBINET. IAT UM
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Fig. 1. Time lapse images of reconstructed amoeboid
movement in vitro. Numbers indicate times in second after
injection of the crude myosin. Bar = 1 mm.
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Fig. 2. Electron micrographs of the cortex region of the
crude myosin. Lower and higher magnified images are
shown. The crude myosin fraction is surrounded by highly
condensed actin and myosin. Bars = 5 um (upper) and 100
nm (lower). Modified from Nishigami et al. (2013).
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Fig. 3. A representative diagram of reconstructed amoe-
boid movement in vitro. The crude myosin fraction is
surrounded by a layer consisted of actin (red line) and
myosin (bipolar symbol). The layer contracts (small
green arrows) and generates hydrostatic pressure (large
green arrow) which pushes the crude myosin into the
region where the actomyosin layer is mechanically weak-
ened. Actomyosin layer is formed again surrounding the
spouted crude myosin.
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IEHKEICL D NIBREL, EBOFB) IO FEMEL
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AL BEIC X o THKETEN TN D Z & AFEH
S FE L 72 (Kamiya and Kuroda, 1958) . — 77,
Physarum % 10 mM 1 7 = A VIEHEICAND & NES
DINAPBEH L, B 7=A v Fay P EEEND b
O S (Hatano, 1970) , ZONETIXIEH 7
EEINADNET. Z OEEBLFKETEH N TN
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Fig. 4. Time lapse images of reconstructed amoeboid
movement in vitro in the presence of 10* M Ca®". Num-
bers indicate times in second after injection of the crude
myosin. The crude myosin is dispersed and pulled each
other. Arrows indicate the flow of the crude myosin frac-
tion. Bar = 1 mm.
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tion (RM) model (Griffin and Allen, 1960; Abé, 1962;
Seravin, 1964) T, AR ¥ ¥ Z 7 —0D X 5 (Z[H
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WXRTAICENE, Seim CREMNCZR Y, % CHOY
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ez s, Lo Zeicizy £3. EATEE IR
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lipid flow (RLF) model T (Bell, 1961; Goldacre,
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A) TRELTEDOXAFI T AEBET L LT
T BB ARFE L7, A proteus OREEITD L
Rk EEL L TR Y, IFEZHEEOIMINZE S K
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1959) . ZiBHILZENE I amorphous layer, filamen-
tous layer & FETIL, 2 D% F & T glycocalyx & I
TN TWET. Glycocalyx (XEDENHLMND XD
WCEREENTWETRE, YoV ELHFAELET

(O’Neill, 1964) . Con A I filamentous layer (ZfE&
TLHIENDMroTHET (Wise, 1974) . =T,
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T

INEMRRT D7D, HiLdy, Digital scanned
light-sheet microscope (DSLM) Z W5 Z &2 LE L
72 (Keller et al., 2008) . ZAUTIEEEEW RSO
BrpifgeE & o FEFRTITOE Lz, Z OBEMEE
L=V —DREE TN LT —CEEICHEE

Fig. 5. DSLM live imaging. (upper) Photograph of DSLM
live imaging of the cortex marked with Dil (magenta) and
mitochondria stained with MitoTracker Deep Red (green)
were taken at 0 (left) and 1 second after (right). (lower) A
merged drawing composed from the traces of upper imag-
es. Several Dil clusters and mitochondria were selected,
and tracings of their movements for 1 second are shown.
Dotted and filled circles indicate the position at 0 and 1
second after, respectively. Red arrows indicate the move-
ment of Dil clusters. Black arrow indicates the substrate.
Bar =10 pm.

EEHOT— b EES TRENCY TTHET I LD
T, Bl ﬁV/Xi%tt&Eﬁ@u%vmﬁé
NTWET. ZOBEMEEEZHWD L — T
THIfaWm &2 —oitp s LTI 5 2 &mm%a
Jod L — Y —Em B E PSR L I LT, R
<HREOWEBR A S Z ENTEET. 7T A—F
Dil & MitoTracker CH#efa L ¥ L7z, Dil IZHMMED
HORIE T, BEE, MEEERETLOICHbE
T, KPP TITRRIZ B LUET. a7 A=A
IR 5 &, MR DIl ORNFE L, #h&
B 95 Z L HHEIC /2 Y £97. MitoTracker (XX b =
YRUTERED DRIET, MENOBE 8L
WCHWE LA 29 LTHRODET A—N"%
DSLM CHIZE7 5 & &M, MMM T OBIXRT 7 E
WTWAHZ R ELE (Fig.5) . ZOX57%
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Actin in gel Movement of the plasmalemma

Fig. 6. Representative scheme of the structure of Amoeba.
(upper) actin filaments bind to the plasma membrane and
they are incorporated into the gel layer. In this case, The
plasma membrane is impossible to slide on the gel. (lower)
The thin sol layer between the plasma membrane and gel
layer enable smooth extension of the plasma membrane.

XL TFU TNV EEETHHOTT. b Ok
EG, A proteus TITAIED LbEFIH LTS
EpESETCWAERERLELEZ. X<mbhTw
LT AN B2 E 2B EBIEAICLD =
& AR AA A THIBNICIR D AR £ T, =
O O RFE XM L, Mo mAE LR LT
WHIETTY. = EKRBICERVIAALLET A— %
R EB 2IADTHL 78D 9. IS E Ak
THTOOTHRBED LN Rolcl-d Tidre
WhEBLBZLNET.

HRELETSLOTRY

T A= AOMBAEIIHGICRE L TS YL e
NERY TSNV TR SN TWET. SRR
Wk LCEIE £8 A, FOVITHIREE FICEEL T
WETND, MR ICE &SV E DT
NRYOPNELDZLILRVET. ZOZLIEENDIE
i S TWE L72A (Mast, 1926; Allen, 1961)
DSLM ([Z L ZBETL VIR £ L. Fa
DI hay R T EMBaEO AL E D M id o R 8 i
fEoTFNTWZDTY (Fig. 5) . T A— Dl
BEIXT 7 F AR FES L T E T (Sonobe and
Kuroda, 1986; Kawakatsu et al., 2000) . F7=, 7%
T T MR BEE SN bR EBE LTV E
L7- (Fig. 6, upper) . L7=h o CHlREDT 7 F 2

AT Z L O—EIZMYIAZERTEY, — iRl T
WHEEZTWELEZ. 2L, Ml S rod
NANBEINEZZENDZOEZIIME-> TS &
B2 EDHMEET L. KB, MIEE T2 XL < Bl
THE, HRARN TV, bbb Yy VRTFEET
52 ERDMY E LI (Fig 6, lower) . ZDOZ L%
T A= NEE O AT T HRE, K& ARSI
DETH, FRICOVWTEBETHRNET. 727, Ml
JaE & 7D R0 EBAE T O L OFFETEIL D
W EERATLT A—OFHNS, FOIEH
WL BT NVD Y WAL THBI LT ET (Nishigami et
al., 2013) .
HHEDEN X L 1EE

ST, TA=ADBBEIL TV DEE MRS
WICENWTWD Z EMnbND F L7, T TKRER
RS AU E Lz, #EOMETYT. 74— N3k
BEBE L TV ORI O 5% REIC#E ¥ T
WET. ZOEET LMo X IIED L 5 R
BBENRHLOTL L OM. THEFRANDHT-HIC Con
A TYRA LT A—REHEMNO=RUT 4 A7
HESPAMEBETHE L E L. Con A P@iTEfET
BRI L WRRICARZET. 7T A—="OBHIC
PE o THWRLR OB LTI H ISRV TV E LA,
R B D — BB IR Ny A D F L7z, MARRRE
ZOWSE LT THRATH IO TY. JIlodickis
SECTREZ G T2 bt BnET.
DFEY, MRBIIEFICEVREMEAZED, 150
DA TEYD 2OV BEEALOMIRNE 2 L TEhv
TWHDOTE. 29 LlomWiiighies, #5 Lo
X EZMy S TNAZ RN ELE.
BEAEWMREDL I L TER STV D 0EIE
WICHRE O E T, Mo —Bn o & 5 7%
AL A TS EZ R T L OICR 200 FIZ LB~
F L7272, HAIRE Py ARNEELET. HE
LTWA YRS —&z2EET D 1352
NEFA. BELLIEEIZR LTED WL &
JABEDRINZ 272N 0 BT, HEEEZa hr—L
LTCWADOTIERWNEEZTWET. —NIZIX
T FUABHER RIS L TWAH I EnMmLNT
WETHD, ZEZFAPLAT 7 A R—=D K D7
T 7 F ABMEO R MIAEIZH RN TN D D0 h L
FHA. MEEETO Y VEL, F 95 Lziiise L
FTEHNTWADOTL X I M. Fiz, EELOEE
WZITME DR sME 28 % filamentous layer 73 B 72 1%
BRI LTWDEB2ONET. Z OREHOMKE
NREHEEICESETDONN#HTT. RlTR=S
Uk BT MIRAESL S >y — LIfFEFE LTV E
TR, —EERTEHONETDIZ LiEbY £¢
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Ao FEiz, HEERRE G REICINE LEEA. 2
DL Ehn, HEHOIMEIT ST D HE M % Ml
PHEE L T TR B 2 b E T

1 R 74 B

ST HIBRRFE L7z, A proteus OFBRAZITT 7
T UEHERSFE A LTV ET. 15 FLL AT Z A
T 5% A2 LE L= (Kawakatsu et al.,, 2000) . = O
BbLETFAZRHLELE. TA—NRNERATFA RS
TR E R N—T T ANH A TR OEERIE 2T
<L, WK RFEZRY, N THIBRME A kAL, Hifa
ORI NTH L TEE3. RRHIHIL PN O BRI
LG EICHEE D, IR & o RICER 228 235 6k
ENFELE. TA=ARMEREMIET L&, REL
SHICEYIE L WIS, TERITETE L WER L 23—
FERICIER SN D Z LTI DA b TunvE L
7o, B L oS LMl TR S - HE ™ 4
X TV DI RN TR ONDEHE L FH L Tid
W, EEBEZXFELE ZoBRGESERITHERTE
EZTEHCHEE - 7 2 F o - AT T L ENIN
KMFAIZEDONE Lz, AU KRB R A e
ET IV F O EBETHEMEBICBE LY, 7Y
U UEFAD Ca¥ B MEIC OV TN LT
N6 TY. &T, Lo MLHoELETFL] T
BB N TE R OIMNRITEEER T, 22X 50
UM IZE D Ca¥ BNEENTWET. £ 2T EGTA %
MAT=EEHTH LS L THDE, BHEIFITEE
HATLE. EGTA FFEFTOS LD BIC Ca¥ %
Eie ATP WIRZTINT 2 L EWBAERK S LE L
2. TNOLOWBEEER T 7 a0 TTI7F 0%
Yot LCBIZRT 5 &, Ca®t 17/E FCIRT 7 F il
DA S BEE L TWA Z N L. &
(2, T A= "% Ca®* (7T & D VIIIEFELE T Ol
L, Mz EEE L Cr 7 F o EZFH L 2
5, RV Ca® fFHE T TIRT 7 F 2 2SI & 72
Ko TWELE. T LEMENSLT A=D1
BIERIRCIT e S Ca¥™ 2N U CHIIARE D & 7
I FUMHERRBEL, 35< 2ol & T ATV LD
AATL D, EWHI AN THIZEY L.

T A—NREHDOLLH

KEICINETORREE LD T, KESLHEBRD
GHODT A= NEED L BEIBRTHIZWEE
WET

RGN ITRE T 7 FonkEa L, ol
WZHL, EHICEFORMIICY ARHY £9. F
T MNIATVURBIZAENTEY, MaEoT 75
VA E ST EAS LTV D EIRELET. &

IVHOT I NI AT OPMEI LY Y IIVR ORI
BEL RV ET. RN seEORERH 5 &
Z TG Ca®t BHIMNICHA LE Y. Ca®t I3 A0
T F UMM RS £, R T 2 F Uk
HER £ OL4UE O FRBEPWT (ki X - T, Jeuidfo s
NMNEO Y WAL ZSIEEZTHREE LY 3. M
PNIEXZ OEALICET T/ A2 UH L E. fila
B S S VTR L E 428, Mg o
LbzaiEdz izt Tt s Ed. Miakix
TN bEETRY, GiIF~EEET. LrLZOHHA
TITHE A 72T EE 7N S22 0 F3. EEE
ET7A—=NE— b RIZEIBRATA RT TR L
EEWEDboTWET. FEAR< TH Ca¥" DA
EHDDOM, BDHET A—NET KT DR
WIZHDHDTL X I M. T A—"OMBEEN 2 M
ELTIIERH Y (Bingley, 1966) , RS JeimiL BN
BE< (20 mV) ZEITELS (65 mV) 2o T 5
EHEINTHWET. AIETHICZO L D RIEEM
DRIZNTWD Z & BRI 72 LITHRE DB S D
FRS LIVERA. BRAIILT A—"EELOH
W< EABANEEZ M LET. TA—1"ERT
A RTIAETREMEDLE TV & LIFLITEM
WIEIZ2 0 9. miOmENRLZE( LS TI oL
TIRICR D DO0S LIVEE AL

EiiERe & DB

2015 D Cell IZ7 L 7 i Z N— AT L THES
e T A= NEB OIS RE S E L (Lin et
al., 2015; Ruprecht et al., 2015) . ZHUZ LD & %
o TW= R DULHED fluctuation H3AT & 2> il 4
W2 K o TEMRIEN, £ ZhbEFRNRT LT B
RS AL, BB T —T 0 B OIUHE & R gD
RER~DEF R 7R TR T A —NEEh &5 i 27
EWVWO ZETY. BENIMERE L E L OBERIC
L5EEBZONTHWET. LiEn-T, MlamTix
¥ CHIIRIE R/ DHL Y IAZ DKL Z 0, g cRHm
INdEEZXBNET. L RLF E7VIZEEL
TWET.

—Ji, A. proteus \Z8\WT, HIERBIIAIT~EI
TWE L7z, Glycocalyx & A ANH 4 IC#) Tl
D, MR IEE ISR L TEIVL T W AT REE H B
ZAONETH, x0T+ b7V —FOFERIIZH
EFHEELTWET. SIHICHEEE S LvEOR O
VDTFEL, BHERETANLOTRICEHL TE
D, EHICZDOYNVEMNRIGT~TRIVTW T & D
BiL, MR H LRI ~EN TN D Z & ERR
BLTCWET. Lo, A proteus OIEEHNTITIH
KINILT T R—=ZAOHEERIBH N TN D HOD,
BEHOBNE, Tob bk s g L ORRTITE)
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MR L X R DBERE TN DEEE X LRE
. 29 LR RIsEiloEsoElErE x5
CIEFICHBRENL O 0 £9. B L &b
KE 7B W ITEENEE CTI. 4 proteus |XEN I
(0.1-15 mm/min) @ 10 f5LL LD EE (180 mny/
min) CRBEILET. Z0k 5 REd0BEHE LM
FAREDELY A & FEA2 &5 RLF £ 7 /L CIE#iBn
HLWVWOTERZWTLE 2. LbEMiEden)
FFENEE S . F LT, ZoHVIERE, #hE
DOENVHEERZR VAL E W) HRICH 2> TH
D, TODIMA OEESEEEZELS 0N
LIVEHA.

SHOBE

INETOMRETT A —NEBO L AT D
o TEELEDR, FEEBIROREBEIZE > TV
FI. —ORBEEOMBETYT. KicbRxE L
23, MR D — R BEE WAL > TR Y, Tk
B & TR ARV IRL TV D LD TT. M
el s 0> —¥8 % B2 EATIZ T D AR A 2L 5390 T
WER A, TA=NET 7 FUHER TS 2 L
LD, BENPSENTLEY Z BT 7 F
DOEENEZBNETA, 9 LEBRBIIHBERO
AFviEEE EFTh RN, BT L HEFRNRK
GEEEAEHA. TA—REANEYY—L %
WO VIFE-TRDET A—NIFHEEFETHIENT
EPHL R0 E42, OB THIEWRZE &R
HIFLET. 2RI RF LU E—XFANTR
5L B — XU MEUE O SR I RF RIS E L E T
(Fig. 7) . ZHUIBUR e 2500 L CREE T
DEHIERERLTVWSA LD EEZLNET. Z0HSR
FEED L BERNDDICHEFICRVWERRRL &
EZTCOHWET. WERBMOT 7 F L ORENREH
RO TNEDNHY 2N EZATE. LT A—
ROT 7 F o #BETHOREFICRETT. Zh
FTHRT 7oA P TREAZRLTHETN—E
DOYREABEPELNTWERA. BIEIIEFITKL,
ENWRT 7 F UMMERNMEERNICA LN Z D
HYFET. UL 9 Ll w M icrs
FELTVDEIEEZICKWERBSTVWES, 7 A—
NOFRVEINCIZZ O LHEIImE s L &
OIEMNETYT. 7T A= "OMRE 20 L CE
DDHET I FUMNBEBEG LT UL LETR, FREFIC
T FUMEN SO R S E T RN T G-
7FUThHoIbOREY HT LIEFICEEG LT
KB EHTY. 77F o ORAHEMEENIZTTN
DhENL LNEFA. BAGETHANIA Y J —
RFN~< ) U TCHEHELETR, ZoMT 7 F v
DEANBEZ > TWVAAEEEZBETCEEHA. #

Fig. 7. Amoeba extending filopodia under floating condi-
tion. Fluorescently labeled polystylene beads attached to
the filopodia tips (arrows). Bar = 50 um.

FEIZB LTI glycocalyx HBH LTV 513 T
MO ERAIBIZH 2 filamentous layer 23HE & fEAT
HEEZLNETH, HEEIALO filamentous layer 72
TR EEETE D00, T A—"DE 5 %I
glycocalyx @ filament 23X SN TS & FOITE
Y (Komnick et al., 1973) , RA[HHIRIEE DZEALAS
filamentous layer (Z{Z > CW A A[EEM L H D £9.
WIFHLIZ LT3 filamentous layer 3% 8 T glycocalyx
OMHEZR NI L2 TE R EHA. 22D
ZEBLEDT, MO EVIREIMER &0 XS At
MATHELENTHDONLHEENE ZAT
TR RN AS IO ER) A2 BLZE LTV D BRICRE
DEHELTWAHZ E AR LE LR, ZoBRIT
T A= NOMIEESN R OHEE OREAER L TND B
OLBEOnET.

byl

AR TIET A —/NEINET 2072 2480 L
F LD, TNETELOFEEEMEMEHZL T,
FEL OFAEL R EIToTEE L. (L
LRI A Y U OEEEEO LT, I 4T
VORIEICETEY £ L. 2ol nREE
DI 7 v MO RIEEER ICBIERIC2 Y,
TEZTARETA Y TERELTZZENRZ 0T T
L7z, DO TEALREENBBL TERhola AT
oA YT OmEEBDEMN S HRERHTX 2 X
I FELE., FEHMEIRHIVUETHEN LIz,
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BEJ . B2k —F1IBAE, Lacrymaria 0 Probos-
cis DIFFEHIEDOIIEZIT>TEB Y, Ca¥" W/ NEH
WEIZOWTH LWHMAER RGN SDH Y 7. /MG
JUIANE X R o g O E 21TV, MRk
FORED XA F I 7 AR AR B e B 2 5
LW EEHAOMILE L. £z, EHT
EH Y FEARBFRE I LT A — " OIHER O
WeHAT, T2 TR v &EEELE Lz, AL
WOW5E %2 —FE IR0 > T AT T X TOREDLATH]
2T 5 OIIMEOME LARFRRTTR, Zogx
Y THIAUIKT2EHOBEEZR LI EBNE
T. FLTHELEZBUURAEENOBL LAZ, B
TOEL LAIPHIERIZIENR > TN T EEES T
WET.

At
Az HEITH 7Y, WEE, FAENGKZ
WREELL., ZOREZRMED L TEHRN-LE

F. MR A F 2 7 ADRFEIZI T D DSLM Off
Y720, KZPLFEF AL B R 2 Jork
i LB A i S F S T IR 22 5 7 AR50 P oD B s e il
+, mREXEEL, R (BB LT S A HEES
2720 F Lk, £, EBEAWFUIREF S DSLM
HFEFRANE e 77 AOoEEZ T E Lz (15-
709) .
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