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A ADREEMMIC BT S FFAERROMAS & Rl
#ITIZHEI A P H3 & PCNA BIEFORHE

MEIRE—Y - B K- 4 AP
BILSERY - KAEH T

(19924¢ 3 A 5 HEH)

RELEDRIFMEAFMBERER 305 KR X

Synopsis

Two friable cell lines of rice suspension cultures with homogeneous cell popula-
tion were selected. A cell division synchrony was induced with aphidicolin, a specific
inhibitor of DNA polymeérase-«. The number of cells doubled at each cell division.
The mitotic index of the first division was about 13% the cell population. S-phase
specific expression of histone H3 and PCNA (proliferating-cell nuclear antigen)
genes was detected in this system.

Key words : Onyza sativa L., rice, cell synchronous culture, cell cycle analysis,
aphidicolin

# E

EYOEGERONRE T MM L2, §OEMZEREHNETICHE-> T =
LiZiEs i bR, BHESEORERSE, HEINLERERO#TE ELICEZS
HRTHDH, ZbNZ &3, MM FE HMEBEOBEITCZOFIEZIT I 2o
IO EILFE, T TEWERRET S BETH B I EERLTVAE, ZNL DR
DD IIBEN-FFEEERNGETH 5, FRIFEEREG, ROKDTHE TEZT) L
TLUENERRTH ), SR TR INDREHCTEE L OBRRSFT Tic@BEINT
Wb,

iz BT, HELERO BHO DD EFAERRELOVLERI RO LI, RTFE
Kz H>wTii, $Clc#,5a3 (Nagataet al. 1982, Nishinari and Sydno 1986), =
=% (Aminoetal. 1983), > #E7H L7 (Kingetal 1974) Z% H\7-FEFHEE

VORI RN RPTRA RS, 319-22 RIRIRIRIER A EET
2 BT REEWEIRTT AR EEL, 305 FME-O QI

B B - REXBRSEXEEN, 514-23 ZERLSETCRAT

Y RHGREBOREIEE, 329-27 AREIRERPE AR EPHT

Y REEWMEEMAS FEES, 306 KR

[ 4 i * ) e B
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FZotELL T3, L L, BTFEEYE AV B2 RAFARERDHELIC DV TORE
Bz {, bTFhicA RERHWL Y o IS L 285 0EFAL (Sharpe et al. 1986)
b FoexXRELaLeFr OB L 2L (BHS 1991) #6220 THE. *
IT, EELIBAEDETERYTH LM R EMEICAWT, BYEMWORFALERYE
VT AHNTEREIT- 2.

72, MBI OEITIC I, DNA BB C ISR E V) 2D/ Xy PP ZFhTw3
75, A AEFHBOMIEAMOETICHE) BEFRBCOVWIOHBRINETIILAL
BENTHWEW, 22T, TZTHRELA AHEFALERLH T, DNA #5  #H5icH
HET Ak A HIBEFRHEMEEMEZIE (PCNA, proliferating-cell nuclear
antigen) H#HZTFOMILEAOETICHE ) BBUIC OV TN 21T - 72,

MR LUFE
1. #BHHHHE S L UBRkOEE

4 % (Oryza sativa L.) 350, BRAMB I UVGE L ZrROETHRDY 52,4-D * 2mg/
13m L 72 MS ## (Murashige and Skoog 1962) L THNAZFHEL 2, L&Y
B2 Lot > THBLAMBABENS A LVRAE, 2,4-D % 2mg/1 @M L 72 MS HREE
MBEUT I /8 (AA) ks Miller and Grafe 1978) BT &k D, FA
WM 2R L 2. 72, BEEESTE (LMt E L THLN T 54 RDHRH
KO AEEEEMEL (Oc #152) (Baba et al. 1986) %, HEKRFOHEHHIE L N 5%
FiT 7,

PERERELTE  MREBEDN & K 0B L (7 e b7 2 M) DF S iRk % Eik
T30, BHEB LTS LI FIREROIT A B3N (AE &g, ME #i2)
BLUrOc#ila®, 2,4-D % 1mg/l ML 72 AA BT C, HERR S 5 55% 8 (Braun
Biotech #, GER) # Hv»T120rpm, 25CHRE T TEEL, 1AM ic#f, ToEIC
200um NF AT Ay TAHBTLZ LD, AERBA ST 5 ZREL 72,
2. 7ot 7SI tOSRE

SEEHERET S 251203, ) VBRI T 74 74 2~ (APC) 2 & 2 FFRILAL
HHiT-Th, TXTCOLEMBEL 7ot 77X MUT 2 EXBETHE, 22T, ¥
iy MErLL 7T b 77 R METEREGEREI L. Thbb, MREBOEHE M
fag, BRoOMasbY, BENKE BE RE:OBELCEEMAILT, 7ot T72
MboBB &AL F~N7, s —& YO (BHEREK), 15—+ RS (v 7L PR,
N7 ) TR Y-23 (EHEREK) B 77T —F (X7 MR OBRBE R,
0.5M=>=}t—) (pH5.8) HT7a 77228 7.

3. 1 FEEHERORRELE

1) > ERALARALTEZ Amino 5 (1983) mHFEICRE - 72, 72, 0% 5 H Hiz APC(Sigma
H, USA) #10ug/ml &0 L 72 AA MR C24BE %, MiiZ2 APC &£\ AA
AR T HaowET 5 2 L IcE VAFANTHIRSRAFEL 2. ZnsnoMians, o
WK B L OCH-F 2 2> @ DNANOB D) AANEL 2 BRFANICTHN, EFRELZREL
7. WBELE, 0.1~0.2ml OMBLICEERB (1 %N T—¥ YC, 0.1% 7 N T—¥Y
23, 1%77>*7—+, 0.5M=>=}F—J, pH5.8) 1.0ml %/nZ, 60rpm, 27CHE
BF T2 BT 7 e b 75 2 ML 724, mERGHEAE & SIS % W TRIEL 72,

. " T. BN
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i, oREEREL 1%707A0TATE FCEEL ML, &K NS (Kuroiwa et
al. 1981) iz L 72 DNA CRERMICHAT 2 ERBEHF L, 6V T IV /-2-7 2=
> F—VZHEERIE (DAPID) 1.0pg/ml T, 365nm @ UV Gl T435nm ORI T 4 v
S —%& AV CER R LB THE L, SR — S0 £ N 584D
LKz, DNA AR H-F 3 2 > ) DNA BEISP~DB Y IAARIC L » T~ T4 b b,
Iml oM H-9 2 2 > (Sp. act. 1.59TBg/mmol, Amersham) #0.2.Ci iz
25C T 1 BRfEsEEE L 72812, B L NESTHRE2IST S/ — N TEBRL 72, E.L5
B DBELNREL0%T Y /— T2 [, #%0.2M @atEF#EEE (PCA) T 1 Bk - 721%,
80TCI2HWT0.5M PCA #HWTI54 M DNA 2B L, ELo08EEo N, LEltbo
BB 2R > FLr—2 a7 F—THIEL, MY OfEEe dpm TaiL 72,
4, HBBPRBCE T IRIEFERR

EFL 72 Mias 5, HWHEic L ) RNA #800ichit L, Thomas (1983) o FiFiz
Licdi-T /=¥ 7ay b 77 L =2 g v &7, MBEBAYEOEITICNES &2
b2 H3B L PCNABIEFORBZA~L, 7o—7+ L T, 1+ PCNA B5ZF0H
4x 7V (BEAWREWZR, HEELLYS5) BLUraaXe 2t > H3EETO
e a— P E ST DNA KK (1.6kbp) (EALKYE, HREE L DS5) %,
FNFNT > T4 77 {+>—tk (Feinberg and Vogelstein 1983) TZ~L L THW 2,

w R

1. TABEERBROER

BHIBE & L 20T, 5 MSETAHANZZHLL, MEEDS V7L 2%
HEATMS BL U AA KSR T ABEEZ T - 288, 3 L 2rndlkor s
AA BRI TIEEE L 2EA1D, WEBBEA LT A BESEER (ME #50) 2o ns. 2
DS, MWERAKE X7 2 P77 2 MDA TIE, (312 OcHildicHiL 3 3L 0T
»Hoitz,

B EZIT IR Oc MR BFRAE = < B— 2l SR, Mz 7 e
F7IZ R OGELASUEE L IR TH - 22, MEEFEHLIA ORIz 25540
Tab7TI7RAMET A LIZRETH -2, D, L DS ML SRS L
7a b7 A MBS MIBKRICIED B2 B BEYH -7,

2, FIEAIEEEICE L IRtk OERIK

ME #8125 & 0F Oc #iB8 % v ¢, FEIZRSEERICE L 2o Mladk i # 47 - 124558, ME M
B &89 2 4R O08IE T, BAEREATE NS MBI LB 073 F 7T 2 A
Btk (MELS) #8572, FROKE 2312~20em ThH Y, 1 HIERIZ20HUT
DD 5 - T3 (1 A, Zofilnz AR S 22354, 1224 oMl
A200um DF A @ A iz FEBL 72, Oc MBS AL, B8 MS B THZES LTy
2L AABSICEZRN 1 FETAABOBELSRORL GRkLLEZ A, By HD
12h 7 - 72 HANERR (Ocll) 2185 Z & AT E 2, ZOMIEIZ AA BRI T2 ¢, MS
WARSER T LSS EE T H ), WEAlAE & MO FTHRAUCE T 2 2E WO ®H T, ME13flif
LD LEFEN T2 fc O#ilLi: MEIRD L0 & U200k & vy, — >0l
WIT10~ 15U T o MiEs» L~ T3 (1 B). —%, ME #illi$ & v* ME13#RTaRk L,
MSHEEEEH THREIBH THETH Y, AABRKERIZBWTOA, FOR ML ST

oy ‘ .
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Fig. 1. Photographs of the selected rice cell lines consisted of homogeneous cells without
large clusters. :
a : ME13, b : Ocll. Bar indicates 50um.

L5 EHTE, B, Ocllfilatkiz, 4 A7 v + 77 2 FRERICBIT 5+ — A fig &
L C b FHlifED S 2 & 2%0dr - 7z,
3. 7ab TSR O0EE

77722 L )EERICOBET 5720, L T7—¥YC F2idELT—ERS &
N7 M) T =% Y-23%#lAE b BRE (FL51988) 7 7T —KEEHRML 7.
ROUMEMICT 0 b 77 R METERBERBIIR, 0LODM=> = =it T7—E YC
1%, <7 ) 7—+Y-230.1%, #xlc77>€7—1%%2MmM27z4? (pH5.8) T
bote A il RE L BEREE CEBMIC 7o P77 2 METE B EGERETL 2R
packed cell volume (GE/.UVrBE#OMIEOZR) 0.1~0.2ml DML L C1.0ml &
BERMEAMZ, 20ml D=7 2 2icf# L, 60rpm, 27°C T 2 ReIEILL 72541c, Mg
BIZEAETRTTu b 752 MEL7., Zo&tT, 1BRZEC#RLZWToR
BFRHOMBLES I 7+ 77 A METE DT, RAFLDIEEN—DTH 5 Mlakn
bk FREICHIBTE B2 2% -7, Lo L, ZOHEZAWT, ) BRIEGEZ
fT-72 ME IO 7 0 } 75 2 MEZIT- 72 & 2 5, BB DR ORI - T
v b 75 2 MEESHBRRIIET L2, $£72, APCALE #4772 ME filan 7w b 77 2 }
fbic b ETOREYH 5 Z Ehad 72, £ 2T, #kL Mk (MEL3) # v TRk
DEBRIT-722 25, 7a b 772 Mooty 3 ) BRI F 7213 APCUE D E
TALNLh -T2, :
4. ) CEREERQIE(IC & 3 EREE

2N CERAKIC & 5 RFEEDOTREM 2 AA BAREE I TRIF L 72 ME fifgic >\
TRET L 72, FRER, MIREFEIZ ) > BRIBEHT0~1.0mM O#EPFHN TIZIZTHEMRIYIC K
L, BE# (Amino et al. 1983) M#EFE & FERIC ) ~ ERIMBMEIEORIBEZERD—D>TH
DI e ot 7, 2B CEEAUKIC & 2RIFFE LT, MIaKOELEH
NI AER, MBI S T 7 e b 77 A MEEIMET L2720, FEFofEE L
TORBBOIEEL L {, AFMbOBREZHZTLI LI TELL 2. 41, ) VB
SLEAEC L 2 FFLOTREY: 2 RET T 5 720, ik latk> ME135 & UF Ocll % Fv 7z
EEBERADLENHS .




MG 4 AOMRMINC BT S RASEROR S L EREMORTICN ) L A b H3 L PCNABEFORE 5

g

a (x106)

*E 12~ q16
a7 3 ¢+

E+ {}

-

9 . P b¥
E w -

> E

£ o9 ~

FERN ') w ~
Lo :‘.J ®
SE ?3 1 §, 8 H
w B 4 2
S & g
e 1 g v
am -4 4 -
- o H It
2 o~ o
® ~— =] o
3 e S
& S

5 J

g o 0 [
5

-

4] 4 8 12 16 20 24

Time of culture (hour)

Fig. 2. Changes in mitotic index, incorporation of *H-thymidine into DNA fraction and cell
number in a synchronous culture of rice cell line ME13. Time of culture indicates the
time after removing aphidicholin.

5. APCABICL 3RAMIER

ME13#k3E & r Ocli¥k # AV 7, DNAABKOREMNEERTH 5 APCHHIZ LD A
AEEFEMI L2 FAL L, WIS, 22EHE L CH-F 3 2> ) DNA FEA~DE YD AAD
ZiLE P~z MELS#R 2 V28R 282 ¢RI 3IRL 72, *H-F 3 2 » 9 DNA ~DE
NiA&Z 5 DNA SR (SHA) #, Z oMl s 28 ED o o3 (M) 28502
LEI &Lt Thd, SEEOBMOMIMNIE APC kg, 5316~ 208 BICED L
, #EFS2~S6EFIHIC 2 BB oMM ESH S, Lzd - T, 1 EBOMBIIREE

]
Z
a —_
° 2 F 400 %
o
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] .
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Fig. 3. Average experimental data on the incorporation of *H-thymidine into DNA fraction,
and the cell number in a synchronous rice cell line, ME13. Time of culture indicates
the time after removing aphidicholin. Values are the average of 3 experiments.

Relative cell number indicates the relative value to that at starting cell culture after
removing aphidicholin.
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16~208FH H, 2 BB OME RS2 ~56HBICH D Z b LRI » 12, ZON5
WHAORRE36HERTIE, MEAMNOEI 2RKHL L TWD EEZ LN, RS EROZE(L
o 1HBOSEO L — 2 I3ERIEREICH L 2 L5072, BIOEBNES, S
B2 APCIR KB 2 ~ 10 E Th - 728 (M 2), EB% 3 mENEL 72358 0F
ETiL, ¥ SHAIZ APC 853 4 ~ 14 Bic & Y, 2 EH O S HIFHEHE36~528F
MBickbZ w72 (X3).
6. MRARMICHITIREFRR

AT CHREL 24 AAFAEERT AT, MBAMOETICHE, PCNAB I UKL R
Py HIBIRFRENDLIHDIZRBT 202 FFNLERLELIZRL7, B2 H3®
mRNA (3 1 R B34~ 168E2 v — 27 & L TEREA L, 2BHEDSHE (4685
B)izHUEmL 7, £/, PCNAOmMRNAIZDOWTLE A FY HIO mRNA Ll A
ERIUARMB TR T 5 Z L0 AL IS - 72,

Histone H3
614 18 24 36 4446

-3

e
s §
~@

e

Fig. 4. Cell cycle-specific expression of rice histone H3 and PCNA genes in rice synchronous
cell culture ME13. Ten ug of total RNA from cells at each stage was proved by the
coding sequence of wheat histone H3 gene (left panel), and the fragment of the forth
exon of rice PCNA gene (right panel). The number at upside of the photographs
indicates the time (hours) after removing aphidicholin. The number at right side of
each panel indicates the size of molecular marker (rRNAs from yeast and Escherichia
coli).

X

tEsiaO MRS ORI TER, FEFCEL 2MEKREHECLNI»CHh -
Twd, T4bb, HEENFEC, H—rHlRER» LK), 7o b 772 MU ES %
MRk A RT R TH B, ZDiesh, AMRERICEL 224 FMRKROBRIEELRETH -
7z, S RIDERICHV- 72 4 2 EEEMIE ME13%kIL, 5 Y8238l T APCic & 2 E&HE{Lic
I L 7z XD6S #fa<e BY 24088 & [k, & < BWEET 28— Ml &% 5 MRk TH
B, M, 4 ADHNLRZECHEEED R, MS 7203 Nesst 2 v T84 M

¢ '“' L &K i ’ [FTRRTRET Lk
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RIS LK D T A BRI R EL 2 S IR TH - 2. 4 ADOMIEE AA TEAE
WTEETLE, MBEHEIVNRCLY), 7ol 772 0GEFEHIC L EHEINT
3% (Wakasa et al. 1984, Toriyama and Hinata 1985). &5 3 AA WAL A
Vv, 2EMOBIR AN R C, EFEECEL KR RIETAIETEL, BE
RO EFASEEE LT, DNAABRMER A28 (@55 1987) 8 & sk
Hic k2 (King et al. 1974, Amino et al. 1983) A##&E 2 TWw5,. 52, DNA
R AT—% o DRROMERTHS APC 25 HEIL, EVEIFELELRT I &0
BotgE s bl wi FEN T3, ¥,53 (Nicotiana tabacum) 7 APC Uz k 5
FIFRsEER T2, XD6S #if2 (Nishinari and Syono 1986) # & (F BY-2#i#2 (Nagata
et al. 1982) ZHVHN T3, Zis0Migskls, WL/ S WS HRD, B
FEREDE W H)— LI TR E N T 5. FEFEELEH L2010, K4 H 28RS
L 7ot miio Mg B s i Tw b, AR TY, MMM RT3 2
ET, RIFAREERELIERT 22 Lo TE,

HEHOFRERRIZ B T, BFEENTFEN—2TH 2588 HIL, ¥-320 BY-24ilg
THRFT0% (Nagata et al. 1982), XD6S ##1T52% (Nishinari and Syono 1986) i<
ET L, —H, =F=FVIOREEMARE B 2ED))  BISNMESE DS EHREIL 8%
T#H -7 (Amino et al. 1983). 4 2D A BEFMIOFEIEHIIIII% THY (K 2),
APC iz t BEFHLIE T4 Tl ws, =F =F YV 7ICHREREL PR - Tvwb b
Bbih s, DNA SBBHLER L #8RBRILER BV (OREEZEDH 5 Z LITTRET
BN, BELLAFXDOcHRTII%E VI HEREH/ TV GRER). FRERIINES
HEICE > TLEEHH ), MFAEOEE: L TUT LIENRLLOTREZWERbNS.

ARFFE TR L 72 APCABIC & 5 1 ADORFAREERIL, FREEOEIcZ THlE
BtH-F 32 2> @ DNABEG~OBRNIAANDEL L & b, HpoORFIETESRE L TR
EBNTWwWBbneBEbnsd, RAFAkozHOMBZ, MILEEICS 2 5 HEFER»RNMNE
T, THECBRYBEETL T 2HEBH2 20T HBATELLNOIEZF L WEEINT
W3, APCME 24T 72384, LT LIT APC REHROEMD DNA SOOI RT3
@D A LNz, ZORRII=F=F YV 7D ABEEMEREZ AW CERTLBEI N (B
Bh, BE), 48 FORNZRETLILENH S,

IO MR (PCNA) I3, DNA K 25— s DRBIRF L E 2L LN b
DNA#HBIC WAL s> 27 HTH Y, MBI DNA AR (SH) Talkd3nsd i
NEEZ LNTWwA, 5ilt, PCNA BEFIHEMRICLEFALAT L Z LA, £0E
ZF42 A A LBEET S LICHI L 72 (Suzuka et al. 1989), /2, =F=FV

(Catharanthus roseus L.) @ PCNA BIZF L RRORELZFE - T b Z LMoty
5 (Kodama et al. 1991)., Kosugi & (1991) i34 * PCNA &zFn7vx—5—%1L
R—F—BIEFIT DU NTIN2ICEAL, BARET DNAGRICHERICEEL R
BT #MLI LT3, 3510, SHICHRWICRBRT 3 RIBFOFESMS N
BN, ZORENLZINDIZE A+ > BEFHH D, BEER], 24X (Triticum aestivum
L) ozt H3fmnFdZ7u—=>r7&h (Tabataet al. 1984)., T3 sLXNDE
Z F > H3:EEFi2 DNA &t~ C, SHICREMICRBITAZ LB L Iz 3N

(ZE51989). AR THREL 24 * DEFAEERTHE, £ 2 > H3B LU PCNA EIE
F&LICHERERRMICREAT 2 Z LRI Nz,

g ] v . I
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I 2 TS N EREEEREL, MEAMOEITREOBREFLLICBIT ABERED
Gz HE LT E2HED2DICHATE Z EHWEETH 5, $Fiz, BFEEHLEACVF
TR LTIHRTHHTOLNTH ), 4%, MEOBA, FE, gbivo ik
GHRANDERXEZBRAUT I HNEEME L L CHALETH D, 250, RAFHMLL g va5E
EHETHCZ LIS, BEEHRY L VMENIZTZ 2WEEIRENTHENT

(Meyer et al. 1985, Okada et al. 1986), MEEFEIEHL~D [ X EFBEROFHH
HfFEn s,

E
ARFFEIL, BMOKBEE BRI ZE Fidy DNA ofE VB ICEE+T 2 e o—BRE L T
fThti:, ZOMEOHEIZLZY, BYLEE 2 TH 2 B A YRET TR A L BT
B wEESE, PEEMBETFESEL CICAFERETHELEEFEEE (FEEA
FHIR) CELSBHBELHIT B, T, Oc Mgt 453 L THCW I ERIE R UAREHUR,
aLXE AL H3EET pTHI2 2585 L THW 2 AR R8BI i PCNA
HIEF %235 L THY - BEEMEERRTHERELICR#OELET 2.

w =

A A2 BT 2 REERDTBRFEDMILAMICRR T 2BEFOBN DD, [ FEEE
MIRIZ 31T BRI ER LT L 72,
29, 3L IHRETRERDIT A EEEMIE (ME #50) & RBROIT A B
(Oc #ifa) % & HFERE D EV /NS WK LD D7 1 77 2 MULOE S % Mtk
ME13& Ocll%##igk L 7-. 2 Xic, Zh L niEEMias APCE L 721%, *H-F 1> o
DNA ~DE Y 1A%, MTas, 72868 % BT L 28R, MRBSOETF BT 5 2 &
LHEREL 72, ZORTOSEERKIZI% TH ), MBAMIIRHMTH -2, ZnRkics
W, b2} H3ELT & PCNABETIZ, AN/ $F—> TSHICRREMICRAT
ZEDHLPIZ G o7, AHRIC L - THRES N2/ A DRFREERIE, MEEBICRER
B BIE T RANENL, BHEERKDEN, S 5IZREKDFE L & ~DIEHLHET
H5.

51 3Tk
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Summary

Synchronous cell division in rice suspension
cultures and cell cycle specific
expression of histone
H3 and PCNA genes

Shoichi Nakasone?, Eiichi MiNaMI?, Tsuyoshi IMAI®
Fumiaki Akivama® and Yuko OHASHI®

Department of Cell Biology, National Institute of Agrobiological Resources
Kannondai, Tsukuba, Ibaraki 305, Japan

To obtain a synchronous cell division culture, two friable rice cell lines (ME13 and
Ocl1) were selected in amino acid medium. They were consisted of homogeneous cells
without large clusters and propagated vigorously. Protoplasts could be easily prepared
from the cells at nearly 100%. Treatment of the cells with aphidicolin induced
synchrony in cell division. A time course analysis of incorporation of *H-thymidine
into DNA fraction, cell number and mitotic index indicated good synchrony of the cell
cycle in the cell lines. The mitotic index of the first division was 13% and interval of
cell cycle, 36 hours in ME13 cells. Histone H3 and PCNA (proliferating-cell nuclear
antigen) genes showed specific expression at S-phase. The present synchronous cell
division culture should prove useful in molecular biological studies on the cell cycle in
monocotyledonous plants.
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