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ハダカフタヒゲムシの染色体

―ヒストンに代わる核タンパク質の分離―

MORPHOLOGICAL AND BIOCHEMICAL STUDIES 
ON THE CHROMOSOME OF OXYRRLHS

加藤宏一　佐藤英美

K. H. Kato H. Sato

A marine dinoflagellate, Oxyrrhis marina was cultured in our laboratory being fed

with E. coli. Morphological and biochemical characters of their nucleus and chromosomes

were studied. In interphase nucleus, polytene chromosomes were observed attached to

the nuclear pore by their ends. On mitosis, they moved in a cluster to the equatorial

zone within the nucleus, but did not form a typical equatorial plate. Several bundles of

intranuclear microtubules which connect two nuclear pores at two opposite poles were

observed. The nuclear division proceed concomitant with the cytokinesis.

Nuclei were isolated by a modified method for other dinoflagellates (Rizzo, 73).

Nuclear fraction was then processed for extraction of histones by ordinary method,

protein components of the extract were analyzed on the SDS-PAGE. In comparison with

histones of a sea urchin extracted by the same method, it was found that Oxyrrhis

lacks histones which universally coexists with chromatin of the eukaryote. In place of

typical histones, a characteristic basic protein was detected. Biochemical characters,
function(s) and spatial distribution of this protein were examined. Classification of several

dinoflagellata was discussed on the basis of chromatin constitution.
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 ?estw!EERnc (Dinoflagellate) eM. [1]aÅrgeeema

aSmePer6rmaUÅqepatsttig-S6 C2]MasigAS
fiijN lt} fi 5 (3)Rif kM va trc #. me -9- 5, pt JT Li ,t- ;2

-Aee is,E ft IIKI Åq [4) t - b -/ tr rvk fsVs $CD

tF3& lt Jfi L . M t9 ,wa tz t ftMnv tz cD wh JEf oD {tii es 6r

B•ib-tttw"). e cDMd,EPk'(E'. rklktzgecDpFrPditzCLtSlaW

'S6igthOlktzge (mesokaryote) 8 ts lkts$2t
'( v)6( 1 ). Lhts Lts th: 6 e gD ek op pt eut. me ig

E.ii.4eg trc ig th t.e.eL]iL- ts izc ig * ib tst) -c X ec {til tr= g iL '(r

)tb' b(2). XM/"Yta'u! :-}"-.lto:"neXth:2Åq ts $ 2L Åé

b6(3). as lill "l'Rtzl.neVif:enfSt`' b7 `pt u ij`" .6, :';/

(Oxyrrhis marina Dujardin) e*. tareO'mavaE
ut -c- 'it=k' g tz= de as itil vcb fo b . chloroplast. plastid

JPproplastidigrekve`X )kZftnt)SrfiibtsLN(4).

Iilits'FE5KÅéex tixagomeEut • Eec • ewNee\6r

pt2 Lk ip. 7niEfltftl5ets'tte6rJIILN"C tsin'tas$2L"c

VN6thX agvaLxaEJPagrkfitÅëhXBA6th:-(•fsVskbt)

JS($h"as}*raM(U}tsLs. rkk. eeftbÅr6twtwifr
ge tre L N fe 6 ig Jme tsnj a mee ig Aee (rts}SMSts ig .

pR k' HS 6 thÅr tr: $ in. "C L } ts L N. bl as va Cft IIiEg cD tw ma ee

isthtb-xu"'igtht fuyrvomeutreDLNÅévx. Xwao"imJiZ

hx' eef58k(vN6(4. 5. 6. 7). 4ZptOvats
fig 6D q{ua l L "C . ftil cD matwEEER tre #. ma L '( Sl 6 itrL

6 st fl [J ft9 ts arch ed structure h: .EE 6 2't. 'SS. 2ft

tzC ib tc -) '( 40nm {D 7 E 7 S '/ b CD JRh: ta IJ )}'Lk

)Vl,ge v(Eh:n g D(vi6 e t. epEEIe!fgOtlxft t pa.,ib2'L

6ig{:zaRcDfi' Liast2Ig)bNvathC4g2 erkes2'L'z {i}XJCIi

Et6 e 8hggeet3`' 6frL6. igrkt hgeoxa@trcDvh

"Cet. aa8,L E"OmavaEEptthg3DOJI];iiftlU=th-ta$

;}z6rbX dyptVX?OVNt'2ztrCisra"tgVNvepessfa
maelt t 6 ( 2 . 8 ). X ig eeea B9 fs ,fi VXif n tz: en

as pmn cD )Fl pt' JY; Ek 8 2L 6 l 2 vE' j6 6. t 6D wa ,JxasB M

e#. ----g[ScDEEut?Ltzi ti)•ijNwytr=rv,ftJSe2S2LVVL:gEFasR

cD es U s iJx!ff (plaque) tze ee lt ee L. tS' ge ts U: ilZ fi

tr: lge v"' -( E? cD g es su th+ ig ec Å};[I b ESZ Xr fiIJ CD bl geIL CD

plaque trCpe L. '( Li 6. -ptcDen/Jxass eS --•cahKva

gtsrcreaL-cvN6toeekigfo6thS. itwatsec
oeeinthetkÅqanxs2L-cLNfsLi, Ma)-geowaoee
va ilil, i2bg o !7:NT ee tr: v# Mge Z, N' iget fs tw g 5r L 'C v i 6 $

thSz'-I 'r pt2is(P 6 n '( VN 6 ( 5 ).

 .s pt" fu 7 s u tr" A •: ova thfig `D ttloKk9 ts ecJik ee

v )V s -( Vt e2 2 iÅq. Er th- )bÅr -,, -C LN ts LN )bg. ftll (1) ma twEiE

Miti -)vNyCe:paEbkmavNW#l)b:ftgS2i."(LN6. eiL

5onttzcfo-vN(Otl4ke.tstzC pt ] tzt Nl -Ath:EFe

-lÅ} 'eT. ek {L pati -Et9 trc e# u z F 7 )bKJ{ii Al L 77s v i ( g .

10. 11). e x F '/ ec thÅr ib 6 iJ tsko iggXk ifX ta

OIFeth"tsme,ttPst}l"ijc' thENtreAÅqg2zÅqVN6h:. sc$MfsB

V-Åq]ig{!kOeeJtsff. ifffE[-(fkOJftiIEstiiSll. DNAt

cD PfiM{lk. me fX irL ag ee E! `D ee pa\et HA pt '(E' ts v h.

Soyer et al. (12) eX agtsfigXwh trc fo' etih6 DNA

6D Z-conforrnation op # el lt HE Ei) thts trZ L. uaee

!e ut o ag pe ss ts va ck bisL -lf• o mec,sc r o it za ee ee trc

vr)VN 'C S' J2L L'CVN6e

 JajscEIFes,vS 'c•ot. 7x ff"7 pt u ij`"As ltM*opt L.

I . xeLL}a.SEasNtaSb- ,L asagasxae (rk as th pt xu

e) fi. sNtethLgexuua)enmamais'lt m. ;peJK b
s/{6i& pt s/ tÅq fi oth•es8trt!esllre" ÅrVs(it'K'p Ltc.

I. rgrsiflengreraI2

 Mnesas"Årx
 -s pt" th 7B U ij`" A •; V:. 7 Y 7ZO Marine

Laboratory of Villefranche-sur-mer 6D va ;X i[E

Åq cDJii%-kcDtaJijÅq?Mrt O thts5stELk. a2z 5lt

{P fffm ftY in'in as ee Fg 2 l. 'C . ,7,Ii,, pEy ptH za,. ft Ttl -F -c• pt N ue

ig di t L-( en ff Ltc.e cD Ji.g;asecetl -I -che*.v2 t /Åq.

E!i"6Dmaee' taeikagrk-C•g-S`'. -Nbt"tib 7 `Se t ij,'b, i•;.ttzC

tffIIS( ?g )}tL "( l.. rk 5 . )t o[) eqagasva 6r tlxthNrr l..JJitN

cD wa E{i ER `D E B! L 'C L N as N iE) cD 6r pe ,L v(i'JJI(Sk' Cas

ee pt L te. rti wt O .A. IE va ziÅq Jamarin U ( tY' te -? V

v 7- •lk . Oosaka, Japan) ft h'la as ma 2 L "( JiH V Nk.

Jamarin U ig be7XO !/2 Obede ge t ts 6 X 5 as ee

zlÅq •IE- :?iS wt Lkpa. E iJ ,T3i." 7 7 4 2V 5( - (?L Zf O. 22

ptm) '(i'-tsmaLvees'tr-6. ptgD ftwaes(E. eoli. K

st)vt. ge.vea'Xts(esMmurs [k Tokyo, Japan)
'cE'agas Lk. )kcwaeeopasva6r 1,500xg30min. in'E

6 Lfi ec ir" 1 - 70 7 iJ -- yS - tre ek lil l. igE fE fftr ita

'tsee L -C ,EE L N 77c. ta'ias 6D mere 6D V7c bl) tz: e# repme# 5

t-- 15 H fi ec Zi v x ig E cD in't as tw fr xe Lv}ts.t ajM-c}•

deig trc pabt, tteszktas vc L !C 1 /4000 6D iJkwaes ig tw,?N L

k. a'Xasork. S.k.NptH}lrv(s200C tr:eesmefieftr=ss

eeL'( Se ct ts Dfee

 Å}pt. NvaEO neut

 JEXk : .x B" fo 7s e er'A •: tr:Jicwaesft5,Z6 t

tevNmseJR reer)eci!keetrcthge 6rfiftbl) 6$ rbg' ib h} o
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k. agasec{rptmeveX•sPmatzopiJcg$toeeesig
kB rsktsl). XZt }tl5 Ok 5 ts:wtig $6' L'. tg ofe.

1 is JI LILpt Sr -{i )Z 'e' oc k' L N ic as ag as ue 1Oo ml "z

11 'oxe l.Lsts'krsvatzc pt L. -kuail[S'"ikmaPLsc `DJJit

wats Sr hn Yt. 'C ts'aas ft wa fik L tc . 12ee ma nt tzC 5ml cD

-V- 7 70 iV lt Hi4 b ff 7 A/ be 7k pmEue -6• ma rs Lk. V`

s! 7o 7v abKee ue ee Vrk ,zv ti eqwa tw tw#fi ft tc b . EP afu

rb ts 6Sm vaXt $m tz cD JEc g $ tt :•t$,ij Lk. ts *6-. ma

tw cD JJ( g * e* !ilit l2I: cD ft iff'l (lÅrIg ft) 6r iR tw t L tc.

k'Xrs cD ts pP. 5 H S t12. 5H g tzeMfo tzesu Er-5 k.

k. g k. 9 H g trZ eXMLLNa.t rs ma -C• 5 fE5 tzC :?fr ge

Lfee
 remt rgx : a.trs Hxt nv vata t oee es lt pa 1

tre z";sc '3". Å}X rs ee de 1 H eq tre etwN ta tw eD ft. ,tn ts ag as

hg .;1 6 in. 6 . pa hi 5 .;i k doubling time cD it alx twL

bl 7. 6eePH7 "ci'to6. 2.5HKtreel metzXe: 7" i, b --

V'L-{ L. Z- 6D ecel ot lt 4% -C ?I, . xe L.LNa.tas ta -(i•

kge L '( i}År mo tzX cD rp"MX .El 6 2z t L N. ;?I: ge 'et an

ft4kte8l 6 (12HE) ptV";fttwtsmeteXcDrp
"nh:R6in.te. tcDreMetretzXcDaghnth:sut$M
vazancodifie:tikJEii L'(Li6 l t ftfiÅq L'(L,6.

me va za re hg es Åq fs 6 t a)-Xb: lop rvj " frL 6 tn pa O: HA

sh3-c•tsuN. 2fttremevaokgstÅ}gaseeFeetoee
es tz su A"k.me veX 6r E'ftall Lfc CD t ff 1) ##L '('N

Y.ig4tstretÅí-NrH7ueOmatslt 100 matspeU'. teOft

ts fr :•t taU L tc . SF JCi t2ls ft )ft ve rc XSv Jfii ar pa 2 tzc fiÅq

-;-, agrs em ta eq. S -g`' ilZ jelr CD Jit * S )bg ag JijN -}' 6

(1 H e). zk trcagaseedeee,Ek(J ip ,Jx$tspaetgio:re

JijnL (2.5He). rRp)b:'ca':asFfitaee2 tL]tL:Mgftth-

fii lt fi -g' (7 H a). -N `9" b 7 bt k er' A S tre Jic ee

eg ig5k 6 8. ES'tre a 2t ig ne re vaMft L. fiLN

rsVkma cD eqtfi)-N ig ts bt) 6 . 'uare tz:. tZXi ge L 'C u N 6 fi

M*-ii•eX tskOEIII:4g05cg$OtgL}, g •}, -(E• th

b. llECDeee2re'nt'!'ra.] Oe#6)bitr:]Jk gLs. ma-'lj"

•! 7" iv tr: fo- rr6 JEcg $oo*" sDget;p tnt'e- e= JÅ}c g

Åq. R/JxcDmafigtrt kcDmafigl 'c'vXfigectrc L'C 8

de Ll -l 6r) k rbS J5k 6 2'L tc . Gymnodinium }= Sti' L N '(

vt. )kc,Jx2-)cDmaveetMrb:ZliiAlL'C$sO. diEtze

ptfiiiTne-zf-fo6eEptenes$2t-CVN6abg(15). pt
pt ec fo' L s 'C e2 ]Jic ,Jx cD te e# teme e9 v(i' 2) • , Vtc.

 em-=Åre"
 JEf ta : Jk g $ tr= wa L -C mer,K A9 tze faj -- t: pm t2isge lt

re 6 k bb ] p --- ; '! pt 5f st Ggk fe. st '{lr Åq. ma tsM

cDegragfiigLtecLk, ] p -- ;/ cD GjN me trc }t.

i77n '/ : •-- F Ltc Cell-line slide (10 well.

Cell-line Associates, Inc, Newfield, USA) ig

MLNtc. EkLfiS CD ff 5 JZ` taA6D N-tsJPigfi E cDfith

'(i- oD ut ee ig Isti Åq" fo tsl). ÅrÅq 7 i b" a: d;Ei re fit/ iJ tzc O. 52o(

BSA rsva :(i' = -- F I. fo. thNmeza cD ue9 tr tc 1 a) fi

A pa ec L 2t) 'S. Mh" as VX Jlt waX Er k tB xe LL Ng

rs va 'Åqi'-lj tE)' tze :7R wt Lk. ct ;}i. Sr 1 me rg'" v ) `l3- weli

et ag L te eqes er L. M-ma te ig kte ig cD lt R L

tÅë. a.asel 20Åé ptHF}fCCÅrwaS,.,I,,it #r-(i•fiLN. 12eeP.Sff2E#fttz:

eetwstTni"kMtetwigXktc.
 re ee tX$ : ptee Lk32ma ftis trC- )Li 'C cD re ee ?5r

ft1tz:fi'3'. fipP. UCVXma4ZgovahXE2t-g-g(}hc
Li'C'VN6"JIftkR vC"VS :•LiiX'C'g tÅí thts v) VtL: E5 cD '(f jE) 6.

e2tthts 6foNeqigrao- tf -- SoX matstzc at DÅq lt

g Åq sc ts 6 e 8 hXuehli Bb 5 in. tc. t tc. inXge ifX

CC) tsLN ag CD e2 lf. ma fig OD JJitg $Vt iJN$ Åq ts o -(LN

•7 te. e2 L A. E" cD ] p •- 7e:JJitgig'tas tzeec Lteeq

is 5Årgeigfttr. ftmaPm7matsevltmetw-t6 e 8 thK'c•

gk.

I. mutw"su

 th+"-asemst(:s6turokmeeEoecpt
 JElk : ngntpm6DkMtzigflilsueeAgt L. DAPI '(i•

vaE L -C {xa)kitrc X 6 `YFzzMpt4 E er )Etw trC " 6 bl

OMue)kÅ}icuten4Lte. skJzts ":LlTor) x 5 frcLvc

f'FntLk. O, 5%polylysin vC'= --• b Ltcx7xr F'

pt g zLtre. aÅ} fiMigXma k T'ttr 6, d o -E tr: O. 1

% Os04 igXme Ar T. 20pth ec V: 2% glutaraldehyde

6D J•S la2"crsMtz"p)ZNfi 'S 6. e 6Decf?exUFzz

JUptRoen4tttvete$ vc k 6 vate{!k o X#ote
Bt) tre ,ptN pt '(f' fo 6. re'nt7!" OWElk tza k6 t try-

chocyst oleS(Mh:ree b. fiFzzJE.?7fi.e,thi'thtsfs b AIlt

'ifb6. 30 tS`thtrL pmfiva lt ee LN O. IFtg/ml CD ne re

6D DAPI 'c' DNA vaeLtc.
 tsee t Xpt : pa 3 trt Feras]]tas. foNge o`2}eeem ome

xa k E! er )kZ f* 6r fiR '9h . PM ms me tz et )IC *IZ JI]l 6r L "C ls

b. paeeutXde O hypocone ggzzhÅr 5 2 rs optwE

(longitudinal flagellum ; xttw !E. trahsverse

flagellum ; ectwEE) fo:I*V"'rCVN 5. e cDmaODstVl

es esiXM -z f•. {lg cD pt s J i)iN zz -sip •") fit, iJ # b tre tsZ as -S' 6

(pa 3 a-b). thXgeewtr:A6 tkMvaetfttw fi kJ tre

{mpu`'. ifv:e2ei" ITyltzciszEL'cfttsJJEilfi]vcosilzfs
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Nng hlt tzc fs 6 (pa 3 c -d ). rw ve hS pm Lts mb -C- Åq O"'

in. tiet ff ag trtst as Åq V"'frL( 2 5)- -]" 6 (pa 3 e --

f). *MvaKf7iYYNcDpt.ibD op tre vX. 2-)cDgekMtz

vs Les" qi) Åq cDFdi,\u dezz-(i•-Årfs )bx-, 'cLN6. e `z)

)IIIuevc-reM L"C2tk 6{)6)YewtrcptZi •9k6 maf2Ig ag fo 6

(pa 3 g-h). t"'getwFem4ttwtse# za *'N-) vC Sks D.

ec pa $ 2z fe 2 re cD twZo:ZStrc ft ss L !( utit L "C

VNg5. tL:Scs. DAPIvaEl!,'(fe#vaffI!,ltEgetmaJIIEJr(i-g-9:'`

M2I2Igrb: ee rk D 'C .Ea ,}t. te.

 fiasNaj iFva'ontw(C* MFsspa.vreOMfi
 fiza : O. 5%o polylysin '(i' : - F Lk is -C •- s7" 9

-ofJNft 6tthtzelt7 eeogguetz:ggvv70 7u Sf 211 Lh

td. ELWa Os04 (final conc. O. 2%) 8 glutaral-

dehyde(final conc. 2.560 )ig"nkasg. ,E,R.hi30

ch- pm re L fo. fa ee 7K '(i'va ?#F K. :B / - iv ; P -

7Åq"zE'M7k. isoamylacetate '(i' eege L vadZg C02 '(i'

ut }g,fitzec Lk. XX5i}Atrc fu 7Åq- ]" 7 z e" 8eck

eq. 200AOFe=$Vif'wh&!F2XSv pt u -- r a 7
pt Lte. at)I3Fea JEOL JSMT-loo ptEApm..1 ag ?ue

emee,i'(i'enXLke

 me ee 8 ii5iX : pa 4 a etfukge FaY.ag op .x pt" th 7 B e

{f`"'  A y' igXMif de th ts 6 .Elk t a 5 v(s i5 6. !il;t l2Ig a) JS

ut6Åreut epicone h:fibb -C VN 6. ,Jxg ts hypocone

h:tazzeqJEftrCtwes'9`6. 2ZscOtwEeutepieonet

hypocone Oerftzzh:6{igO"' 'C LN 6 fi:. aOrkzz

6t es '9' 6 girdle ue ms V: HE 6 h" 'Ci' fs L h. e O pa '(E'

-lt"tzetwg-r6oab:matwie-c•to b. -FfithxmatwE
'(i' jS 6 . ec va !E tr: ?ipL D '( {?ÅrXa ajxZtc hX pa.ti ]E }c M

'(Lh 5. fiSuathNgeh:fift rt )5 E! rk "l`' 2 1st 6DvaEEh:ec

ma $k6 (pa 4 b ). e O ee me tzC e: SM tz ts 42ts Orv.f pt4

et S ti'Itt L 'C L N ts V N. *M va fuN 'N hS me ty t . fiM va

e: ft tw fi ft tre fmp V"' 6 ( wt 4 c ). hypocone Vt ta pa

$ iit te cD gene --st 6!) tw !e ig - År tzilr- tc g s tstirj pa trz thN

rb ts frL '( ptee'9' 6e M6 L Åq eceq $ ;}'t. k hypocone

thg-EiL'iJ itepteet6 cD thx pa6 ecptS-g- 6 `D )btse# HA 2,

th ts '(i• 77g v N. asM tr'L;. e2 thkM wh "Åqi'$M te pt th'ge )b: me &• .

JG' th: 'C 2 XM ua Ek fs 5 (pa 4 b ). thNN cD me as ee wa

-E•OS. iltiijJijCDmovapaeezztrCeqJij,`DmetaOutuwtzzth:

v )ts th: v) tcJE-97 L tg b. 2 ")6e) nftkMuaaut 5Årgefi trC ffi

L vc gPsci fi e9 'Cik jS 6 .

 tzxaNpt S thdiss{:*6USNOec$
 Jfiix : fixuN,.,]eeff deikstma st*i et zx o at s

V: f? bSe L fe. 4 % glutaraldehyde 6r f2; tsr tw M va

(O.IM Na-Phosphate, O.15M sucrose, 5mM
EGTA, 5mM MgC12, pH6.6) '(ihS&456)'uafet
6. • ff Umetwva-(lh2SIits LkN. O. 5%OsO, ig AN t"

metwva (O. IM Na-Phosphate, O. 15M sucrose,

pH6, 6) '(E'OOC 1 eeFerequaitLfo.' m`Se 7 -7V v'

iJ - -: "(i'utzlÅqff Spurr }2iieC. .] b = ili: '/esH8rcSIZbi

ijtumpLfo. YeEigFeetwstT-C-. XXts!i)NNescD*Hig

igmeV"'!;U b tH Ltcpa. nm!4zatzeft -, -creopzathu

Hitach H-71oo agfixuR iFeeewer vc S D enX L

tCo

 meM t ZX : inWN PHlj me cD ma tz }x. XJE4 g kaut ljN

JI}loifi6fteD (N5 a). sttstzaetXXoza th Clg

h: twtE L. pPR tze tc g ta st ijxts hX l ma#z2 -S 6.

2}vathflge# gk(N:tw 5 nm cD tz iFeama cD es h SraLswa

kffOJ5k(hÅr 6 fg b . M fll fiS 6[) fiL ik'I}.et 3 ptm Ege fo

6. rk ta IS• ep te f2Ig v# Jtc g Åq ii, -tz :/ lt neL} vc fE fi L

'(Ls6. vathPfi6D 1 osh:blmaP9matrr tttsL'CLi6

t ,e• ,fo 2L 6 ec thK Utt" Leat ee za $ iL 5 (pa 5 b ).

bl,JxfigetnstkHtztrasEIIavR9tsecdi)EtfiKI.. meme*il

$th•. wa*sh)bilxttÅí•*s ,] as&tix4Zi•N-maeeCEEthKX"[j

*2z6 (pt 5 c). blgeE}tv# tJxX'ck iS D wadiwain'lt

)bggSJE,. tst) t}]) 2'L 6. rk kma eeH va oj . ,jxva IZi va a HE 6h}

tre{ffLvCLN6. tszzmatzes(endoplasm)pi trCV#
JJk ee ts tz AS( D M, xv td'{2}tw o Ettzhg.;2 6 in. 6 t2hx

t!xwat2ts . E "=7 F' iJ 7. iJ 7t;: '7 v'A' ?Rl"mb ' rf

iv tst fas ig Ath }lr archoplasm JO trychocyst h:g ilE -ifh

6. ,Ek]nckMtees (epiplasm) O:wt" O. 3ptm 02 E" 6{)va

V N paEi "(i'. ftwhfi lfi] tz: 3 '- 6 JZIi CD twalxer CD rk hS 1 ittm

epm., opm wa ft *s'LN 'c suz A. -(! vx 6 (pa s d ). e 2z

tggL"ratre as gXOeniJxncH hgfafiL-(LN6. *H
va me o UF en tzc eut SF ,ISZ (theca) et 'Rb bb 6 frL k L s. a)'

ge ca tze ts 6 t MoX ftts fi@ tre osilZ ts Pngag 8 fs 6

(mu 6 a ). va th 42Ig b& e oHag oth mb ft re .s;;' Jij mu tzc

ee i5li L '( Vi 6. t cD ee ma tz L ilÅr 42N fs Åq 2 itÅr -zz cD va

Efig eX ca xt ig ifma tre ee L Åq v N 6. ua ilZ tg fi tre to 6

blmaILO 1 suU*tw-zakOfi- LNtzec aEes rbK' Sa
5iL 6. e a h} 6!SZ *t fiEJ oitme iL u= fu th ts D v(. X

tsOlkiJxpag hg{rpO"' v(VN6 (pa 6 b). ea tw ,Jxew

et ee th fis cD Fee 6r me -) v( EL wa ts ec {$ O"' 'C ts ip . de fiIJ

o etma}L ren '(i' if wt L vC L N 6 t ge., ib 2t 6 . va th ftsk

tze st tn l:Ig cD ee isth eut 2 Åq ss,. bt) 6 }z ts v s. & as {2Ig e: re

NÅq fEIiOar. mbM}tiiieXifwae:ee L, -i LN 6 (pa 6 C).

vaf!tts-lttrcittnl2iscDtwfaetk Åq .nd,bl) EiÅr;}ttsL}. tS'
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ge pa ma tz: V rk M O* me ig `D ft tw fi lbl it-L- Irp ft L . itik Mfi

'(i' Åq as" 2z di eeMt t 6 (pa 6 d- e ). *ROtw gt

tr: vt va ts Cs eut su,. bl) 6 ;}•t. -g'. ue tre de tw tzc fl bÅr . -( "v

xtL•'(LN6E raL,ibin. E). ifiJxIZge:plteiklzztz:dw fift

}eNft Åq ts o '( fiitEl'tr'6. ifut?Lth" ti)tmpU" 6en,jx

As! sll }t 4 ,iill twgt }cL ft hts -) -( lgtcbl)Ilt tr= sc isll L 'C L x

6e iffi tw$ ig tc Åq bl me ptJJ th V2 st me }L 6r tsk fS L ie

rk tc bl o Åq oi' ;}•L bD pl tlll zzN-i!IE tr= Ctif CD PE] ff.U tz= ig SM

vaK paJj tr: ss igSIJ ts ee re vut n b 2tL fg v s.

m. tsgsigsÅrAeoossseEtr
 Å}ittetasLtc.N pt" rb 7 pt e eh"AC igMLNÅq. st

pS] cD igg{tk s h/ -Åq 1 `D theegen pa 8 re{tll ft l6" e fst o

ke
 Mo"re e iggtrig e w No e ots di

 it05b'me : M6[)5ÅreeVcOt Rizzo & Nooden (19

73)(13) cDEwa5rE5tnL'CJillLNk. EIFIIfi5rLl-FtrC

esftggt6.
 1. K' es ge trc ag re L te ts't rs ta 6r. gtw is'inb(500

  xg) L '( Mrk v3" 6 . tsit as tw 10 L EÅr te e 1 ml cD

  -N `5r" )ij 7 `5t lt erSA v' thgre t});}-L6.

 2. 21twaLtceeeig 1ml jl5te b 25ml oDstthNeere

  rsue (10rnM Tris-HCI buffer pH7. 4, O. 35

  M Sucrose, 10mM CaC12, 5mM MgC12,
  5mM NaHS03, O.5mM PMSF) treM'as'Ih
  )5}e
 3. Daunce gJ th e er' ti- ( -v`"- (] V 77 '/ JÅq

  10pm) '(5'10•-20tllfi$-lÅ}(ecIP\t'#b6.

 4. utllPva6r400xg. 10fiis'kiasL. ViiEtre20ml

  cDiftS-eeretsmalt"n)ZptNiz'E=,t;Nenta.

 5. 2tt ff trMSÅr ge Hi rs ta tre ff as Lk pa. 1. 6M

  sucrose bed L tr: S pan l.. 1500xg 30 ifr iz'tsib

  't6o
 6• ixfiigMl)'eeretsmatr:ms.'l .O.1%Triton-

  x loo 6f"n%'c3ot"•lkt st6.
 7. 2o, oooxg 2oaÅrissJb L. vag ig if foN mu t L -c

  rsLNko
 iggitM pt y-g]atsdi : erLwatara •ta ft m LN

foe

 1. st th• iurlr trc O. 25 N H2SO` iSt )g % 4 OC 12ee Pem

  eeetiLk'th. 20,OOOxg. 20th'ta'Et,)Nv"- II),

 2. -E fi ig ca 42ls sucrose. " )L N 'Åqf' O,. 02N H2S04

  "C" O OC 4 H rn7 mbJ5Fi -9` 5e

3. fiErT V] ma lt Sephadex G200 cD XYÅr JR 'c' ee me

 t6o
4. 5 ue tzt2ksL? 6D =L be .1 -- 7i- ig "H ,Z. -- 20Åé '(ih48 ag

 Fer ec Åqe

5. 20. 000xg 30aÅris'ta,dN L '( Vll ua ig ee bZ) . tw EEI

 esma-1)- 5e

fi' vatafig] p -? F ]"77 4 --• (HPLC) tr: S6

zzN : uttaimtH Lkiggnd1stbe ;/ -R i7 Sr $ 6 tze

sspa"e'6kbt). HPLC ig ib' L'- fs D te. "7NX

Develosil 300C4-HG--5(fZ4. 6mm, ft*150mm)
ft HI Li tc. 'V' 7 70 7V ig ta rk A (O. 1%o Trifluoro-

acetate ; TFA) tr: tsge L 1 7 A trC 'tsi .JN L k. ts

wtA 6fffLL'cSF&tzek Lk cD `6. 0.Iee6 TFA c!)
acetonitril ts va ( 'ts wt B ) cD ue ff.,. `2y ee iz rb ts lri v( ts

HS L tc. th rk Vt O. 8m l/min t L. pt '/ .Åq P 'me re

eX UV214nm '(i' e; pt -- Lk. pt '/ -W a) ML Ili

O-" 8 '- V lt pa 7 rc z-s '9b. a V: em me im re /nY Mu ig fik

L. b Vt 'as wt cD k cD %A v(' j5 6. e `D pahts 6 HE 6

b:t k 5 tr:. tsptB/'tsMA rb:409% 6D iS te b '(f'5(

g fs •; '/ pt7v te •-• ] rbKSftWbbt) 6in.tc. C cD ue -- ] cD

th-Muiizth•HS(uewaL. 7 E 7me1)•JYf. Sb' .] Vellfil2fgf'F

ntMst)Kl t Ltc.

 ig pasig e År J No o o ra tr"M

 SDS-PAGE tr: X 6 5År)Yf : fiÅres Lk B h/ -R P fo-

" vi' ke rw me@ cD `2} tfiÅr MN )5r SDS-PAGE ee ik D ne Nf

Lk. SDS-PAGE b: 10%o Jrf iJ 7 fi V 2V7 E F" eT`"

ivigMvi. Laemmli(14)O[)JI:ftatzCaEDte. LicecCD

tc bt) trc. ft e ee me kts tti za tzL k b 6) ee ss rv Lte -Åq 7

-/ g =tu%oiggxkst pt y-Åq p. mwtoerpmaee
t - b '/ Scs' g OCthYEFk'? "-- Årig '- ftSIZilJ}iicitLk.

reMi5t' pa 7 trZfiÅq'll-. vaNbt v.Åq iT cD 7t -t' 7-"' '/ F"

e# 1 1i '(ith•{ike# o2al" 23kD vC•to 6. tJN4=EigbR u

Z b Y2b- : as. lt - 5 -/ ig kb7C7 -/ 9;aigg
ttet 6e 7.Åq `7 tz:O# 5 ptwa cD L Årk F '- trC. .] 6 4 Jzts op

-Cy F')b:XSIj tl 2ttL:)bX Jzlsc `Se 7-Åq `7 2 ft t;}ijcitR

cD B '/ .R ] ea JfiiEL fs rb:D k. aE D '(. -N pt" fo 7

pt ic ij`"A •; vtme,ntY4 cD ex b h/ fttsfo-g`'. M-th` i

k cD zag{!k blXe t}r tw- ) e t thXib rb ts D tc. c cD re

Mes . tupt c{) x'Rtw ni !lÅí "cf va illi $ 2t beC LN 6 twM( 9 .

Io) tRÅq {L] Åqvi6. Ioa t erk. pt pt '/ -Åq p fo:

?ft twEMbl ts ogme ts f: esat if* "(i• to 6 a t ig ts

PLe;sEP 'tl' 6 . zaII. Jzlsc pt '/ -R ] }: si 'j' 6 tt 12Ig St f7 J511 pP

'C'6b. c2LhKes' f})ft•Lin.e&"&pE]n3cDNll{IIi. vats

-44-



"neer--• • deeeptee -s B" fu 7 pt u ijSA v' 6DvathtÅrI: 45

fig E! c{)Pfies6t EA qi,iostrt-9••6e E! io:-(i-* 6 "([i• ie5 6

5e
  7 E 7 mereJiSe : 7 S 7 me tÅí• )Eli ee V: JEOL JLC

300 Amino Acid Analizer 6r tw ,fB L te. stjlSLO

)p7SÅqhneot6NHCI. llOÅé. twEEiT-"(i•20eePHHfo'e

fs o tc. 7 S 7 matwJSeOtÅí')EFfrekftX2 treEiÅq']b.

eOXpl,'(' Human H1 u x b '/ iks' X tX' Calf

thymus lt Jg b yH2 a-H4 tr:")LN'(O:XX .
S"F (1982)(13) hÅre)g[)EEL. e7v%tzLgescL.'c

Lkutsc,EB,.8 Utc. 7 E 7 waMJiSerP. Lys t ArgcD

k13}b:"de-m Åq g{izls023.7%ft esbb. tuCD-ptO&pt

"/ 7R p es ma erEg {lkX E:] '6" 2{5 D tc. blc Ala cD k

ys} as LltwttsK- Åq dwX{!kzzt"` O:IJkrbXJXc g L N t ig k

ti))h.6. ueei[lo[) t Jk F 7CD 5 `})vzE'e#. Lys. Arg.

Ala cDkstM`th4 Nrk H 1 t H 2 o) pP PH7fi9itlies 6r Jfi'It-

5 i5 oD cD. kL,A., El9tz=V# t)it ti, cD u Jk F •/ Ek but Hfi ti,

thitzC#tso(VNtce
                  ( il} E 5 , VN -(ih Jei, &R)

                    (1995. 3. 29 ptÅ~mp)

             6g sc wt
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2. Trierner R. E & Fitz L. Cell cycle and mitosis.

 In Dinoflagellates (ed. Spector D. L) Acad. Press,

 149-179 (1984)
3. Cachon J, Sato H., Cachon M. & Sato Y.
 Analysis by polarizing microscopy of chromosomal

 structure among dinoflagellates and its phylogen-

 etic involvement. Biol. Cell, 65, 51-60 (1989)

4. Dodge J. D. & Crawford R. M. Fine strueture
 of the dinoflagellate, Oxyrrhis marina. I. The

 general structure of the cell. Protistologica, 7,

 295-304 (1971)
5. Cachon J., Cachon M. & Salvano P. The nuclear

 division of Oxyrrhis marina: An example ef the
 role played by the nuclear envelope in chromosome

 segregation. Arch. Protistenk, 122, 43-54 (1979)

6. Triemer R. E. A unique mitotic variation in the

 marine dinofiagellate OÅëyrrhis marina (pyrro-
 phyta). J. Phycol., 18, 399-411(1982)

7. Xiao-Ping G. & Jing-Yan L. Nuclear division in

 the marine dinoflagellate Oxyrrhis marina. J.
 Cell Sci., 85, 161-175 (1986)

8. Cachon M. Up-date on the mitosis of dino-
 flagellates (in preparation)

9. Bodansky S., Mintz L. B. & Holmes D. S. The
 mesokaryete Gyrodinium cohnii lacks nucleosomes.

 Biochem. Biophys. Res. Com.,88,1329-1336 (1979)

10. Herzog M. & Soyer M. O. Distinctive features

 of dinoflagellate chromatin. Absence of nucleo-

 somes in a primitive species Prorocentrum micans

 E J Cell Biol., 23, 295-302 (1981) -
11. Specter D. L. Dinofiagellate nuclei. In Dino-

 flagellates (ed. Spector D. L.) Acad. Press, 107-

 147 (1984)

12. Soyer M. Q., Geraud M. L., Coulaud D., Barray

 M'., Theveny B.3 Revet B. & Delain M. Location
 of B- and Z-DNA in the chromosomes of a primi-
 tive eukaryote dinoflagellate. J. Cell Biol., 111,

 293-308 (1990)
13. zxpta-, s#es1ÅqRts itJÅq F•LicD-?exceein'lt afU

 es•trre•ev*, 27, 1446-1455(1982)
14. Laemmli U. K. Nature (London), 227,, 680-685

 (1979)
15. Partensky E & Vaulot D. Cell size differentia-

 tion in the bloom-forming dinoflagellate Gymno-

 dinium CE Nagasakiense. J. Phycol.,25,741-750

-45-



46 ftnyJ)ltMi!-fEej ag17Xacle 1995

                  pa fi tD ut PA
eq 1 ag rs keFT{: ts {t 6 1N 67"" 7 57 t ij' A •; Opt.Man me

  me de : ts" as tu 1 pt1 to k O O fu f2ts tw. ee rs va 2k ge Lkij ft trC VX Jit cD ;eip ff tz: ge fi L te ma asX.

  redw:agasHtw
     papl O Feed elScMeeig"PSI.k$S AÅqL. Dilute e:xeLLNte':asma'6'#geLtce2 6rEÅq-]k.

wa 2 rg fi fi va (: t\ 5 as fiOeq tt

  xt# : 1OOma 4Zg pF} o ---re 'lj" ( x" o ma fig o E bt) 6 klJ "ft.

  ec tw : ts ft (ut ts o ft pt o ft $)

     Start V* ag as ee de ee ,ij,. 1 day . 2. 5day • 7 day V& k'le as ee fik 'ec op Zxu ee kH ft iK '9". e o pa erk

     pt 1 t N-X)l3F 5r Jtt tz::•traif Lk ig cD '(S iS 6.

fi 1 Mnt L tc ma tsOÅ}M. Mk va

  2'C M--*- te h ts 6 IÅ}l it L. 6ee ffnfi 'Åqi' 6D ma tzX iz fi 'e'. 2!E pa etMge (D twF 6D utag ig Eft vil-.

X 3 S)•No ms xa (ve .M,. th ex as it)

  5ÅrNfieo HE JEE ee fk ( 3 a , c , e , g ) 8 DAPI va tsM)ki tw ( 3 b , d , f , h ) ft st Lt L v( fiÅq Sb.

pa4 "Nopifva (kNrpig-deeneeit)
  a. mama b, hesiit,lsma c• 6Årgerpra d• figeKma
  ft;transverse flagellum fl;longitudinal flugellum h;hypocone e;epicone
  t ; fttcM " in.k trychocyst

X 5 rHIMma twOSvaNe S va ax et it

  a. 2ftlsk n ; if e ; HS( O iil rk )h. tc 5( wa* t ; trychocyst
  b. MmettiEEoblgJS c ; vathlÅrts
  c. iftJxl2tsoatgJIc f ; makif*kgtth- g ; wa*a)bllzz5)- nc ;M,Jxt:fgtttsvathes

  d. epiplasm Oss!Zift mt ; microtubule
             zL ij" --- 7v -C-ntltOXtsett ( ptm ptNv(f'z--J's LvC th 6.

pa6 "rvtwramaOXvanjagireenstta
  a. ri mamatzo2d2tstw a;archoplasm n;it
  b. MgetNii[EOUtS]Jk d ;dense plaque mt ;microtubule

  c. tpasMoetlJXc no;et,Jxts
  d. pamemeteOStstr
  e. Nueblor)etgpt Åqv,';}zcDFPiSliftiEEcDMesFl trzvathIZIg)b:fl, LNsttr:tllK., (f;:iM)

pa7 HPLC(:*6XraINOe-År
  a. aÅreestpt •/-ÅqI b. -tsmao lk -ltsuctruMMaswtOzareajedftfiÅqt,

X8 EeÅrINOeopSDS-PAGEta
  Total homogenate, Nuelear fraction, Acid extract Ot-N pt"th 7 s e ij'A t cDtsg{IEblB '/.W

  tDimkLlvaNxaecDtÅí•tau 5rfiÅq'e'. Sea urchin H VtfteJEtav(EvÅq7 '!"=va%cDth'meblth:5deIÅ}ELte

  iggitst `$t 7.Åq `7. Calf thymus H e# ftrwh0ffLFEigeeEtsi;re lt Z F 7skp"n' 6rfi-g`.

X 2 S)• ee L rc {ST ;. A" {7 O7 ;- 1 wa me nt

  NP ; 7N S" rb 7 B e ijSA •; a) igge{!kif pt 7-Åq ]

  LkeccDkbt). u J2 b '/H1(lt F)Sb' at U`'u ÅrÅq b '/H2 a-H4(ffLPEtwtw)`Drent)tzit:•eL'C fo6.
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Fig.3
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Fig,5
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Tab.2

Amino Acids Composition of Nuclear Protein

Oxyrrhis

  NP

Human

 Hl H2A

 Calf Thymus

H2B H3 H4
Asx
Thr
Ser
Glx

Pro
Gly

-ALa-

Cys
Val
Met
lle

Leu
Thr
Phe
His

.Lys-

.tAÅ}tg-

Tr

 4.42
 7.05
 7,15
 4.62
 1.89
1O.46
18.46

 ND
 7,98
 O.68
 2,93
 6.18
 1.49
 2,43
 O.71

19.84
 3.93
 ND

 1.83
 4.59
 7,34
 3.21
 9.63
 6.42
27.06

O.92
4.13
O.46
 11

28.44
 1,83
 ND

Number of

 6,20
 3.88
 3,10
 9,30
 3,88
1O.85
13 17

 4,65
12,4
 2.33
 O,78
 3.10
10.85
 9.30

residues per1OO

 4,80
 6,40
11 20
 8,OO
 4,80
 5.60
1O.40

 7,20
 1.60
 4,80
 4.80
 4,OO
 1.60
 2.40
16.00
 6,40

 3,70
 7,41

 3.70
11 11

 4,44

 5A8
13.33
 1.48
 4,44
 1.48
 5.18
 8.89
 2.22
 2.96
 1.48
 9,62
13 33

mols of protein

 4.90
 6.86
 1.96
5.88

 O.98
16.67
 6.86

 8.82
 O.98
 5.88
 7.84
 3.92
 1.96
 1.96
1O.78
13.73
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