VU LY OBV SR

RRATRE - REGABSUEBFRE IUE Al (So Kitsunezaki)
Graduate School of Human Culture,

Nara Women’s Univiversity

IR - F/)IFEAE /MR BlAE (Rie Komorti)
RRATRE - BER BHA RIL (Terue Harumoto)

WL

K 2K AEY N EEEREBIZR S &, WEYOES & FRIKDORNOHEIER
WX THRRIIHRIBET L ENFASN TS, ZZ TiE Hele-Shaw cell T
Paramecium tetraurelia (3 & A DY L) QYT O REF F R & E K EE) 2 X
HEBEITH Tz, P. tetraurelia TIEXTR/N X — X, BaROEMED SN THRAIZH
HAEIZED > THEL, TR THIEEFE RO — I EEN R INS, &
DX D BEYNRIZS TV LAV HEOWHEIZ X > THEU BERORZHFEFIZIZ > TH
5 HEMEAE W,

1 Introduction

A0 (bioconvection) (&, SAE DKL < 1Z4E o 7o AR B O O J& AV AR T )57
RINZEEZBL TONREEZ U, FRAICENES 2R ES B HBI5TH 5. Rayleigh-
Bénard (RB) SHRICEAL 7o N Z— > DHEEMED H 5 AV TILKBEENTH O,
EHD Tetrahymena, MEEHD Chlamydomonas, /N7 7 U 7 D Bacillus subtilis 72 £ T
FHLVERIfTONTNS (1, 2,3, 4], TN TRESNIRIBLED A=A LiE, (1)
WA E 5 O EAEENI X o OKEMHEICERFEO S OENERMICERE N, (2) %
D JE A Rayleigh-Taylor (RT) ALEMIZ X D K PFRREER TR LR DEYZMBETT
RERMAEL 5. &0 D TTEARIZ—EL TW3 [5, 6, 7).

WA O EHREEH OBHEIX, oxygentaxis(BFR A BN 5 ETH). phototaxis(tIZ
X9 % ETH). gyrotaxis IZEEK T 5 geotaxis (BEIZNTT A DETH) 2 LY FE
UL > THREZS, ZOLIBHMEYOETZ Y 7 b2 EREEOIHUTREA T
#£ L. Navie Stokes TR EMMAGHOEIIEOEIET NNV K ONRESN, HEK
USSIEIEMRT B Th T 5 [8, 9, 10, 11, 12, 13), F72FMEFIHEIZ X Y, RB MR & [
BRIZKBEIZIZRC A7 =)V OO — UEENRET 5 Z & AR IN TV 5 [14],

AKWFE T, P. tetraurelia Z AW TEYIXITRDEEZ 1TV, Hele-Shaw cell N TD#E 2
Ko 78R O REfE & R FRE 2 N, T TEEMN LAY O ERNTTD

1



NIBREBOMED DO HFTIX, P. tetraurelio (3K E #7190 ~ 170pum & REL DB EHRTH
5, VU LYZEECDMEKE R T 5 &, BBRES 2 U TH#TE Z & 2 HEDH Y
Z DEHNIIEARPNHERI TH 5D, B A RPN LU TEHERINE T 5, thermotaxis,
glavanotaxis, chemotaxis, oygentaxis, rheotaxis 7% E DA ZERMEEZ R T Z E MRS h
THY, gyrotaxis BESNBLVHIHESH S [15, 16, 17, Z Z T, EAES) D BHHK
BB DORERE GO T P. tetraurelia DEPIITRD A A=A LIZDWTHEL 2,

2 SEEHE

FERIZIE P. tetraurelia @ wild-type, stock 51 ZH W7z, KR (15°C) THREFEL T 5
Vo) LvE, HERBENIT YT EEEICEOHER (F400ml) 12FEL T, FEERRETIZ
25°C' T 3 ~ 4 HHRE U AR ANIZIE—E DIRE (stationary phase) 12725 & THFEE
5, TORETY VY LY OMEMEEIE 103cells/ml FRETH O, SHA TS THINLAL
BENELRLZEEF RV, [RFEEELSSICEF 57012, BiHL TSAERN A,
HOSHEREE o> TIRMT 2., BLOEEEERPTHITodb s, MBS OAE
APRRBRFEIR SMBIII20] 2L T ) —EEOL2HET 5, THBL 72Ea 2 U U B Y
U8 U TR S N7 RSB 105cells/ml F2EE DA 1ml 2B THOV K E U7z, &
BRATIZ IR Z 1 /40 FAIZARU 72 5pul DI Z 15 5> TIOVED . SRBEMEE AL &
U AR RE ng 2RO 7o, FEEUI IR D S EHDNIZIT> T %, JFRHP TRy
JULVIIEEHEL TES5T. FEBRTRIZIIFEEBEIRI-NTWEEEIONS,

AR T, EBAEHREL THTR2MATA FHF AN 5725 Hele-Shaw cell & F
Tzo BEDOYA XZME W =66.7+01mm. BEH D =1.23+0.05mm T, K&EH IH
BIZAND YD) LY OBRBEDOEEV TikE 5D, EREE n, 1K< T558E, Hikz
SMBIII CARRL 7z, HERATIE. VU U LY OBEBEEMOAT L ATUA v —TCHAL TH
REEZ —RRIZU 7R, I 26 ~ 28°C DFENTIE L THSMNEZBIZEL 7. Hele-Shaw
cell DEED RSO T2 0, IWIRE AN 12 TR RS TKEIE KI5 220 D5,
FRROBIZIZIZARERKEDATESE XIIZL TS, BHREERIIFEER TES D 5K
BEOHAFEKT TH—ICHIAL ., RN Z =137 Z)V 71 A F (Canon EOS10D)
ZRHOWIZA V2= NV T, IR O HEPRRE X FLRBAMEE (wraymer SW-700TD)
TEH R U T2,

3 P. tetraurelia DEYIIRINT — >/

FEEIZE O AR TR R — > O EBEZ BI% U 7o, WO K & I E e B 5
T, L3 EQEETHIKETHS, K1LIFEFEV =1000ul D7V LY DERE AN,

10.5% phosphate-buffered wheat grass powder ( Pines Int., Inc., Lawrence, KS) infusion supplemented
with 0.5 mg/1 stigmasterol and inoculated with Enterobacter aerogenes 2-3 days before use [18, 19].
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B 1: XN X — > OIEEGERE,  HHER 0BT X TR O RER R (7))
V =1000ul, (ZZ)ng=0.6140.22 x 10°cells/ml, (£)ne = 0.21 +0.03 x 10°cells/ml

—EDRHMECHRE LI L — AT —IVEHETH 5, V7 ) LY OFEENEITTH <
H5NDT, HEBEENRKEVGINZEHSESRATVS,

WERIE ST TV B EYHR TN R O LRSI X 0 KT T O K53 A
RELBBDIZNL T, P. tetraurelia DEYIITRIZ, HHBRIZDL A<D E LRI
BAEY, Z0%, HERFEOFHVEFROFE CAF 70y FEER) BEHEOEMIETI
TEKEIZAD S THRLIZHETT 5, 700 POEAIZIEHRNZ - WEREN, 7
Oy PAEDRIZONTa—IUEENRELRS, 70 FOERE LU LFIZHN S K
P, (EREE ng RUOKE H D¥EMNS 5 LMD 5,

7uay s OBENIKAEMIEIZET 5 &80, 702 bOFE A IR E 170 sl
ERMZ D MRS 5, REAHED SEERBEEORENVTERIFTLIZEL, Z0
OFHIH T REANDOW > Y L LRBRABE SN S, 1 DOEBR T ERMREIZHRE
SN —HOEILEH GNP S, BROENS —EDE S y DRI > THEREZTIH L,
RFRE AL T 1 D DO (space-time image EFFER) ZERT 5 &, WHR/SZ —2 D
MREEZRENIIRADZENTES, M2XRURE T, KEN2M8755 2 D0HR
EHZ DWW T D space-time image Tdh %, HEEOMEDNREF T, FHEBEZTH S, H
HEEZN,PS 70 M EAL T3 X TREEEMRIN TV ASA, 70¥ FAHEE
U CTHEEBO FEERMFEET 5 LR LICEERENBIN S, K5 10000 DS (MZ4A) Tid,
TRERDHEEIZREL TREVWIZRLAIZEDWTEEREREVEKEL T, XHRo — )LD



(min) \

time

W=66.7mm

2: space-time images
no = 0.61 & 0.22 x 10°cells/ml, Z21& V = 1000ul, y = 0.75H. £i& 500ul, y = 0.5H,

ERRIERERVIRT, —F7, KEMROERE 5000 OFER (KA) Tk, TEEROERE
HRIE DR <, FU - ViGN RREMR LTV 5,

FAEL L FERE LV IRA BT L 689 % 2 &3, Harashima 59 H.akasiwo D4
Pt 120 U TERREL 2B ET )NV OBMERI R & —BT 20, MREENEFIZZ 57
WRTEZRS [14], DAED & 9 IEEE R HFERE O HKIE £IZHS TR0 A, K
fHECHFAET 5 RO BFRED RT ANLEMIZ X ORGP BEETIZIZRE D DITHL
T [5, 6], RHEFBREZIERN SN S K200 —)L O EFEIEKEIZEEIT 5720, W
FHORA—BUTHRT 2D TRABRVWAETHEINS, KEWNSOVHEZZ D 2 DOMHE
MELRY, XHRO O —)IVEEEDR 2 IZFET 2 FRERIC L > TRELRE#FHZRIT 5
LR ERMRI SN bEEZA BN B,

4 70V FOERER

S/ S & — > OFREITIZEINIC X BT
FRARLZEENEEGL T3, HEEE Hele-
Shaw cell A#HIZHVT A ¥ —Z K IR ->
THETE, 28 (BLUTAY—) LT
ZIFERA KR ZHER U o &, ARz K
U, BEIZLEDTETENTES
A WINOGE BRI TR X 9 SRR
EXRIEHN R <725,

—7i. M3DEHRIZHZ LT, 7ar b
DR E ZDHEDOW > < O U Iz (T ERIE, 3. RN AKTARBED 7OV b, b
Hae AP UG RICOBRIND, R 55T 2074 ¥— (0.3mme),
EHEDT 7OV FOBROPPRZBEN, T
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4: BHRPTOEER

Oy MEETIEEENE K, 702 FOPES — KFHEIZAED > TREIT 5 & 0 D R
AL TH%, I>T. 702 bOEMDEEIE geotaxis (BTN 2 A DETH) T
BTNWEEZOND,

BmDEEZGEETH, KHZEL THEHESRSIEA 5 &R SR/ 2 — 2 133
NBLR5, T TEQDEEEFTAND DI, EReERIIEWT 2EHETo 2,
4 DFHEIZ 1 ROEBTHRE SN AFy 7Y ay b2 RFRIEIZIENR 72 O TR B R
flznTERRLTHhb, ZDEETIE Hele-Shaw cell ey HIK 2 EHHR B AR IZ WO,
ER—EBR - ER—FER - BL L 2MEREWREB IR o, BEOMO L —
DR, RENERTH 5L Z2RT,

EBROERN S, ERP TN MRIEHEN T, MRAZEZ TOTHHEATLE
ITENDNDE, L, 1HHOEZREWOERNSDNE X HIZ, Mo 7or b
DNERDIEMEIZH BRI ZEGEHEK TEML Tb, 70V MIZFD % BRZ2KT. Xt
WMAHAZDE 70y FAKAIZELZERTH D, £, ERPTEMREN 2R
VU)LY IFIERRICIEEL 72IREBIZR B D, 22 THUOESZ ANTGEIZEDNS
D70y bDOEIZES T, ERME SN T 5 EYR O AIGEE & [k, Kt
EDFEREEN T SIZKEL B> TR - HEESIN S,
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area (uUm") speed (mm/s)
5 YA XoAh 6: BT

NS DFERIZ, 70y bHKFDZES (BF5 KR BEEMNRZULEEREEL T,
ERBEENEERENE OBERMNEIIEREN S &, KU, 25T TIEEEED 7
VLAY OENMBSOBEOHEN 70y MERDOERIZE> TSI EEZRBL TS
EEbLNS,

5 YDUULYOEKEES

ZELROEETY V) LY OFEEREBNZED L HIZELTETH 3 W,

Pz, ETETOEE & FRRICEHRAREH VT, Z5heERPTOY Y LY D
B2 SRS TR L 7o, T T, EEIZAN—AF A% M5 7o A 22mm O P
o7V IEREEHN. VU U LY OB (FE ny =1.940.26 x 10°cell/ml) % 1/40 12
FIRU T W 800ul 2> 7z, AW TOKEIZ - 2.1mm Th b, HPE 4 DFHEL
TS5, HEDSEMAREMEE CHM 2 #Hw L 7.

FEHEZE, EOE DM THERICKNTEY, ZRHEERPCTEEICERIIA
shgl, KA OE, ERFTEIV Y LVFRALNHEREL T7 7 AR —D% LK
ENB, L. 727 AR=IZR o EKIGEH 20D 5 HIT TIERL, JITAX—0D
KEBI I DOBERIZ LR TR YBONT Y XLIZH O TVWS, —F, BT
FTARZ=RFIFEAEESNRVA, FMTEEZ LD TE LA EEFNR R LHEENS
<HRBENB,

X5 K612, 5FEOEHE D S BEEENT 7 b Image) 2 ZHWT, Ak T AR —
BHEL., ZOUA REBEMEEO ML 12757 2R-T, YA Aoz, 22
S, ERFED 1EKRICHYT2EBETCT I 78— NRLNED, KEBRI TR

2http://rsb.info.nih.gov /ij/.



X 7 70y MEEOIKBEHMETEE

A —BHERPTUPERSNZY, HESME, b, EFKPEDd 0.1 ~ 0.2mm/s
PR TH M, 0.3 ~ 0.6mm/s fTIETH KRN ERP LI VERPTEZ VI END
"5,

DX, BEHWRZTHES Y LYDBERICEH T HREIZRD, FRZYZ S
AR —=DERENRLT KRB, L, 77 AX—FEMIBEL TE, BEDORZIZEL-T
2R O [ BEEE) A AE BRI 2 DN TV B D h, BICIEREE M EE R Z2 P U
BRI T AR —DEEMEE SN TS DM, Z OEBHERD S RN TERR0,

KIZEBIZZEGHT7aY FAERENTOEROY 7Y LY OEEES 2850 7-,
M7iE 70y MEEO FERN TE TV 552 RIREME ClRE L/ XAy 7> ay b
ThHbd, 702 bPOFHETIXY 7Y LAVIXEEL TERIREBIZR > TR, A28k
BOEEN & 13RS, /o, NSRBI FTAR=DN70Or PNTERSINILEL TH KT
pEigIns,

Aarhoeo 1 Tz 8 SRR BEMEE CE Ml e T, 70y MEBOFIE TV Y
LY OEREE 2 TR Tz, — iz 7 0y MEBATEZ. > TH A KPS 5 AX—1272-
TVLABEERNZ WA, 7oy MAEBEBZIZE > TOBEKIZIZE A EDNTEFRIZEE L T
W5, FSIZHE DS 50 A EA THN 1 BB OESOEZ, Hbze RS TE
WieTr—2%&;R$, 50 ED 1 BHOFHZEMEZRIT, £oa8EHE SR TR,
722U, 27 AR =1ZE&EENBRURIEFHRIUIZ K W2 Z DT DR S IXRMAN T
W5,

ERoT7Z 71k, BRVEEHOSGED 7 0y ME#ERT (b)) &@E#EE (F) ok
RThb, 7ur bo@EBEENIZEEES I ERESOBEAIIE ST, LB, DT
MIZTFELTWSEIICRA S, ZHIZHL T, 70y MAEERLUSHRPAEL 7239 T
. VU LAY EGICERESE T AN RO NS, OBEMEIITR/NE —
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8: 1MWHEDYV TV LY O (HE 0.1mm),

O TTRERE FRROTBMAIZH D, KoFhEEDS B> Tns, ZlloX
FOEMIZYS 7Y LY X O/NSIRIFHEY O 1 R O R 7B 2 L ISR T, &
N OHE TOKDOFHEDIEEE Rt s, Z0XHiz7ory ME#EEZIEX, HRAE
C. TOHEE D) LY OEEFEIXIFIE—HL TOBEA, FEHEIKIOYS DY
LY DFNERHBERENENDON S, —F, AHO T 71, K30 XD ICEHREKF
LBAED 7oy MERERT (F) &@E@EE (F) ORBOT—X2Ths, HEDTH
MPRREL LD EIFU THEH, BHRIFELRGEEAE LY, 70r MEERZIZD
fEAEB T RS e,

70y FOEFEEEBIZY DY) LY OBEHNIEFRIZE B &K, KITBNEEHRT
DIRAHFENE KL THY, 702 MEBL B THMRDORZNEE TS &0 HHT



HIORFHE LR T MR EEZAON S, MRMNEL T 25 TR Sz ERSEB)X,
KPIZBEREBENTZGHEZRSNBZOVOT, BRAUBIIN T 5ETHEE VLD LD, MR
W& o THEU KD 5 ETTH (rehotaxis) 12 & > THEL T B HEEEA FE W,

6 &

ARWFETIE, EEEIZIEREL 72 P. tetraurelia DYAIR T SN 5 EYHR % Hele-Shaw
cell ZH W THNT,

P. tetraurelia DEYINIFRIZ, SHR/ SR — > DTN a3 D BT & R L%
DEN78Y POETELEBITEL DLV HIRENDH 5, EREMAVIIER XU,
HEB OTFERDN S, VO U LAVHEDHEIZ X > TEUBERORZIZE D, {EfE
HIMERIIRZZEN 070y FOEROERTH B EHESND, BBERZNYV Y
VLY OEEHOMEIZEDHETZOMBEL Td, EBEED & KL )L O
FEMFET-NB N, P. tetraurelia DEYPFIRIZHT L TE, RO LEIJIINT 5 ETHE
(oxygentaxis, geotaxis) IF RERAFGEL TVDH X IIZIFHAA T, 5 ND oxygenkinesis
NERIZE->TVBEEEZIBND,

70y b OEBEATEOMEEES OMHTIE. VDU LY OKRFGEM N EAER 2L
TVWBZEzRBL TS, £, BEORVWZOY TRV VYU LY NEELY S
AR =DM ENTRILET HETHRLNED, Z0O X ) BKFEESL I 7 AX -
BENTRIC G A DRI SEME T 2 HBENDH 5,

FFEL TR/ R —E, —RICTTEROERE SRV RENBIEEFE LT —ILEE
wEES, FEEELRAFBREOERIEX, RT ALEEDOWE L EIREIN S0 —)LFEED A
T=IVDA—EIZH B EHHEND N, ZOHEBBBEETINICLHHAORETH 5 .

7 HEF

ARIFZFZFOMKED, BHEED ) LAY DBRRIZASGNEINZ =2 D0 THEA
HERK GRBRLTFRPHERR) LHEEO/NRRIZEO /L ITHE->TOVET, &
ARRIZIE, HAZED 2 ETARKRZE, VT ULVIZDONTOZ K DAl & FEEER
RIFHRREEL THE Z U, T/, EREMOERIE. BRLTFRPUEEAR ORFR
K., AHRomHTiIrbh L .
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