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Dynamic analysis of the contractile vacuole membrane using lipophilic probe,
FM 4- 64 in Paramecium multimicronucleatum
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Abstract: To visualize the dynamic process of membrane fusion between each membrane
compartments that make up the contractile vacuole complex, Paramecium cells were stained
with a highly lipophilic fluorescent dye, FM 4-64. From the fluorescence labeling observation
with FM 4-64, the following four new findings were obtained. 1) At the end of systolic phase of
the contractile vacuole, the high fluorescence intensity was observed on the portion where
accumulated membrane of contractile vacuole located. 2) The observation from the lateral side
showed that this accumulated membrane with high fluorescence intensity was seemed to locate
along the ribbons of microtubules, the backbone of the contractile vacuole. 3) Shortly after the
fusion between the membranes of the ampulla and contractile vacuole, the high fluorescence
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intensity was observed on the distal portion of the ampulla. These observations suggested that
the transfer of internal solutions of contractile vacuole or ampulla were always accompanied by
the membrane accumulation, which started from distal to the fusion site. And also such
accumulated membranes of contractile vacuole or ampulla seemed to remain in the place where
the microtubules locate.
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) B UAHEAE T A YUY (contractile vacuole, CV) (&, BB H S5 o —Ff
ThY ., ZELEHRAE 1T MEANEE L E 2 5N TWw5, Patterson (1980) O L ¥ — 2L
. PRI OB DS I 7% S7-D1d, 1776 4£® Spallanzani D L TH A & SN T b,
Saedeleer and Wolf (1931) (. B FBHMBEBIZIC L ) PHERSEROBERTTETWL I L &5
L, ZoEAREERLT & L CIHEESME (contractile vacuole complex, CVC) & &A1) 720
) LY ONGERES R, PUEIFL (contractile vacuole pore) . I (contractile vacuole)
HCRER (ampulla) - K& HS (collecting canal), 72 L —7 v K - AR V% — 24 (decorated
spongiome), AL —A - AR I F — 2L (smooth spongiome) &Vyo72 5 DDOILREMIZE L 5
JREIXH 2 & o T S T b (Allen 2000) o MUAERZIE. BRI R L DGR 2 DK L. #ill
WK EZMIEANERATZT Z LI DMBNOERELE 22 ba—)L L T\w5 (Ishida et al.
1993), UM fLA 5 DK OFEH L. PUER & UEIgfLo Nl OMIEEE R, IGHER & HRERE &
Vo 72 UEIREAEROBEXEM CELLEMAICL s TERINTRLEEZLNTWVS
(Tominaga et al. 1999), —#EAYIZAEMKBER A EFE L, B SHFLEEICDOZ DV RFES N TS
WEED N-ZF V< L A 2 FiEZ KT (N-ethylmaleimide sensitive factor, NSF) #&& 4 > /%
7 B BK (soluble NSF attachment receptor, SNARE) B ¥ X7 HO—FIZ X - TH| XL
TENDLEEZLNTWA, Kissmehletal. (2002) (X, V71 42D NSF #Efafrxra—=>r
7Ly SIS T PR & e L IR, SR8, DGEIafLoMIIE. DGEE & IR
HORE TN TIER BRI N L 2 L 2HE L T\wb,. Kissmehl et al. (2002) O#d 13
IR AERIZB T DA O E R L72D D TH A, & CTOBERIIFEE L Mg Tofig
Thb, Tld AERICBITLEREGOBEIIR/-LTEDL I IR > TWDDEA ) B ? KL
Tl IREBAME 70— 7 Th HFM 4-64% Fv T PUHEIE A RO Z X T O [ € O R O
WA Z UL L. PR EE RN TORBEOBEZ T+ 2 L2 HWE L7z,

¥ EFE

FHRE © Paramecium multimicronucleatum &, Agnes K. Fok & Richard D. Allen (Biology
Program, Pacific Biosciences Research Center, University of Hawaii, Honolulu, HI 96822) ®%f
BIZX D5 I, BEIIAMEMAMH L, 24+ 1TC ICTEREFE L 72 (Fok and Allen
1979) ¥z L 7-AiigiE, o EcddsEi] (mid-logarithmic growth phase) (2 CTULHE L 72,

BLERALEE © fLERALE L, FIRENO B Z A S8, IR EBIE LT 357201217572,
BLER I, BB (pH 7.0) 2l L7z, BB ®IE. 0.03 g NaCl, 0.3 g CaCl,-2H,0,
0.95 g MgClo-6H50. 0.03 g KHoPOy4. 0.034 g KsHPO4#DDW 1 L IZVAE L. pH %= 7.0 (2%



FREERFHRERHE LYy —/_LE, (18) 1 1 -7 (2017)

L72bDTHh b 1B L73EEERIE. 121C. 20 5 ORBE A 217> 7212, ZHi (24+1C) 12
TORAF L7z, 8548 3 HHOMINE 13 ml % F[0l Lz (1,000 xg) (2L D ED, IRRELHE A 1T -
TOMRFRVSEC 3 BRI L. T OB R Z A 1 ml (8 9,000 cells/ml) IZFH%E L,
[FEH CHERAIC 24+ 1C OEESEATICTEREL, 1 HIGE L. HLEIREEIZ L 72,

HEREBAEOSVEIEHEFE TH HN-(3-Triethylammoniumpropyl) -4- (6- (4-
(diethylamino) phenyl) hexatrienyl) pyridinium dibromide (FM 4-64) 1. Moleculara Probes,
Inc. (Eugene, OR, USA) 25 AFL7z. FM 4-64 (X, ZBAKTEHEML. A by Z7iEe LT 10
REIREED 50 ug/ml THHLRA: L7z T 2B, AR EZ MR 2 fFHRED10 ug/ml %
TR L7z HLERERIC L2Ma 2. T LaE0F% (<100 xg) 12X 1), 500 ul GRIZ®EE
(2 LT#H 18,000 cells/ml) (Zi&fi L. &2 10 ug/ml OFM 4-64 % iz . BB E 5 ul/ml T
WL 72, TOBRMERIEHER T 3 MpeE L, BIZICHH L7,

PHARSREISE « FM 4-64 WLE 2175 72Miia % 4 ul 500 (F936 cells) L. FHTT7v 7 AL =X
(BEf£25 um, Polysciences, Inc. Warrington, PA) #&A4i L TBW/2 AT A RH T A2, XF )V
+ )L — Z (Methyl Cellulose #8000, nacalai tesque, Kyoto, Japan) & & dI2#k¥, HN\—7F
A% T CTHEOGBIZ I Wz, s SE (IX-70, Olympus, Tokyo, Japan) (2358 L 72 % &) a5t
FEEEE W, FM 4-64 O abid U-MNIBA 74 VY —ZFWCEIER L7z, 7Y F IV A
7 (DP71, Olympus, Tokyo, Japan) THEjE #2217, MPEG ki S L7-8)jE 25 0.13 2
ECHRIEmZ ) L. JPEG 4 X — 2 & L CTRAEL THIEIZHW 720 SOUIREE, PERI OB L.
BLOToEEOWEZ, 7 A 7 ENEANFEF (NIH) TH¥EIN727 Y —Y 7 b Image]
(https://imagej.nih.gov/ij/ download.html 2016.10.28##3) % H\WTHr- 72,
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L2 L2, MgETho&REZ LS L OMBBN/IMTE DR OB S FMFIC G I 720,
HiHE % MR L o9 WALERER R oM B & /-, £ 2T, 30, 60, 90, 120, 150, 180 #o
BE A — 0V CHEL L, P27 ) 7 — 12T L S 2 B O MR 2175 720 212" L
72912, 120 B TIRIGHEIAS L o) e E 5 THE LT, —J7, 180 B TIdMlaN ol £ ¢
FeF S5TL T > T THHRILOBIESEDS LI o220, 150 BAE@MTH L EEZ bz,

AREF7E Tl B E LM/ E 2 #5IICBIE 3 2 72012, MIFESEh 22w & 9 1%
WAICE S 5 LB H o572, 22Ty MEEIHLOR LT &R L) ISHIEDIEAR DK 55
BEOEE 2 um DT T v 7 AL —=AZMHH L. & SITINEORMEE BT 25 BIIEEE 21T 2
LEWVAF Ve a—AZ0H L7z 29 L25MT T FM 4-64 12 X )RR S 7z DGl % 1
BLTWDE, BIRTLRMPR 2213, PHEROIGHEEEDS T2 BR0BIZ S, #
KRGS 15 A TIE, WEFICERI L TV X ICBIEEN S L O, R CTILHER O I
BN D7 e B &L WHEIROBRICELE L2 WIIRERAYE A b7z (M3, ). F 72, MK
OGRS L ARG H 72 535) 12BWTLUNDEL, 2 ODWHIRIZ R A 2 & H3E
gx s (M), BFSLIE, AFAFFIRICED ) A 295 E S, IUEROFER T
B BHWHEIBAL % A N—H T AMEC T LI L H2HEEARRER. Ak &3 2R T O A2 D
FREZZOENDLD, TOLDETOMEIL. AF4 FHFAZHALTE2S 15 500ORIZATD
Z &2l

X3.FM 4-64(C & V) 5 & h 7=P. multimicronucleatum X4.FM 4-64Ic k> THEHEh P
DFERESEROHLERERK BERB,»SH multimicronucleatum IUiEIRAE &
15 9 BOHEXBEEERLTWVS, AEB 13 2 ¥ FOEXEMEGR. BEBER,S
ETEREINAEA—DOIEROEREETH 5, A 15 P EOERAEEEEZRL TV
DEENTRE N BHIREEIL. B TIRIUERE & & %, WEKE (KH) (50 TL
ALTWVBH, A DEBETRENZHIREEIL. 2 ¥ UhBEL., 2 2OFRIKRICES
%D B CHREROEEMEL TULEL, XF— EPBEINE, XT—ILIN—
JUN—(F, 10 ym%&R~T &, 10 ym &RT

HOUTREERNT © ARBFZECTIE. FM 4-64 12 X 1) ek S 7o/ & S BAMmER 12 TRIZE L. bk
FEFRMT 21T 5720 FM 4-64 |2 & 0 Bk S L 7-Mifg 2 152 L C v B & SOt BMEE O B JGIRGT 2
LD HOLRESBIR I Nz, T2, EEOWTIZIZEGREEZZEICAN LTI R 6%
Vo ABFZETIE. BRONZZMIFICBIT 2T RTOHENGEBRAE — &, EIEs o5 GmE % b
952 TIOMBIIHIE Lz, fRE LTHRONHBT O GREOOZAE — Fid, # -1.
33%/sec TH-o72 (X5, @)

BI5 121d. BIERBOFEIREZ100% & Lz oHtmE0Zfbx 7ay ML Twb, X5
DOIIRT L9 12, DGR OEEEE X, PO L 72ERIC EA L. DGERS LIRS 5 12230 T
VI HZEPHIH Lz, T2 L, TUERSIGHE L T 2R, TUGRIBASEIES 5 2RI S
ERLTWE I EERBL, ZOERELZESDHEIROBEIRIIECLT b, O REtmE
PERT L2 EZ2RELTCWD, T2 ROVGEEDPIEE HEIZIE, HOBEIEHCTEA L (45,
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WODT, Em DR AR & 2 A TH LA, Hausmann and Allen (1977) 23855 L7z & 9 12,
Paramecium & O WEHSL (X7, P) ZH) P& /NE ORI, PHEFRIZ. HIREE. SR 12m)
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i) o
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Tominaga et al. (1999) (&, FEMlZ2EFBMEEEIZ L/ IV A F — o TIHRBEBEEEEIC LD .
PR R AR (L. ZNENOFMBIZERNLT 22 L 2mE L Twa, ZOBRIE, Kifsk
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al. (1999) &, FIREBIZHRIC & 0 HEIREBME & 2546 L 72 DGR lEE & Omiva 23A: U 724G Ry KSR
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BFHMEBIZE., RO E L BILKCTHET 22 L TE LD, ERhOBEOBRE
BT ETE R, $72, MOTHEMEIC L2883, 23 M A MNEMT52
ECHIFB O/ E e K TR RO 2 EIRNIC B W THEIZ 5 2 LS TE 05, L aMEED 4
fERE % T ] A 2B C & e v, UREIRIIRED . B & OEKE T TIx. 205 L 2D IE 0
40 mm OFIRIZZEALT 5 Z EDHI SN TW DD (Allen 2000; Tominagaetal. 1999), 2D X9 7%
EIRILIE, L7225 TR TSR CIRBISE T 2 2 L3 T& v, —7F. FM4-64 13, JRE
BAMEOBNEFETH ) 2 EEGE L CWh 72D, 29 LBl o s 20 & dotia i o B
EVWHRTHHLEETWAE EEZ b NA, /2, RIFRICBIT S FM 4-64 % 7o AR5
THEON/24E R 1X. Tominaga et al. (1999) OEHZHFERT LD TH b,

KWFZETIE. 55 U FM 4-64 WL %17 5 724 2 dGEAMEE CEIEE L 7245, HOGBEM S
TlZBWTY A 70Xy MIX ) FM 4-64 % UG#EIIZIESEA D 5 W ILIEEE CIUEIE I O
AT L2 2L D, PHEIE L B A T A EDMERICHRE SN BEFMBEINL D EEZ S
Nbo G159 LHEIZ L) IHERESROEORMAEBELBIRT LI LEINL,

KR ZAT ) b T2o T THBEWZZ WK O HIAE SR E IR CE#v- L3,
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