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The research on gigantic primary nucleus in Acetabularia has advanced since last 50
years both physiologically and cytologically. The physiological studies originated from
Hémmerling’s concept of ‘morphogenetic substance(s)’ stated that this substance(s) is
released from primary nucleus and is capable to express genetic information. The aim of
physiological studies is to prove biochemically what morphogenetic substance is and to
know the mechamism of gene expression in Acetabularia. The cytological works started
due to the interest in ploidy and division of primary nucleus.

Recently, owing to the advancement of electron microscopy, these two branches of
studies were joined. The production of rRNA in nucleolus was shown visually. Moreover,
the release of rRNA from nucleus was mostly elucidated as a result of full observation
of perinuclear zone.

However, the gigantic primary nucleus still poses various unsolved problems. The
location of messenger RNA in the primary nucleus is still not fully known, though
lampbrush chromosomes were found there. Meiosis has neither been confirmed under
microscope, although its occurrence in primary nucleus has been proved by determining
DNA content.

The young gigantic primary nucleus in a young stalk, measuring 8-10 mm in length,
might release all information necessary for cap morphogenesis, as well as rRNA.. After
some pause, probably the division of primary nucleus would take place following the
completion of cap. Besides that there is another: possibility that the primary nucleus
might release some small nuclei soon after the release of information. The above hypo-
thesis will be presented through the author’s observations.

Ikuko Shihira-Ishikawa, Department of Biology, College of General Education,.

Osaka University, Toyonaka-shi, Osaka, 560 Japan.

1. EXBEHRORH

187741z #%» T de BARY and STRASBURGER IZ
X 5T, Acetabularia mediterranea HLiKIh,
1895%Eicit SoLMs-LAUBACH X B A4/ Y DE/
75 7hY viELhrbHEhic (Figs. 1), SoLMs-
LAUBACH I ABE LA, Thit cyst TURUICER
LTHEbh D white spot & LTTHH, T (D
1) RRBET BEHAT — VDB TH -7

FOWIERET KA ¥ Ofy2%E HAMMERLING

* IR AEI4 No. 564226 12 X 5,

2 A. mediterranea % ¥23% L, FEMICE DR

o EEEHERHYEE L, £ LTINBLELY /7 YA
ExicIBOR% (Fig. 2) %12, TORERERED
HFcHEOZ LA REL, ARCEELBLORERE
BhIER2PVWTIHSOBERRELYHELL
(HAMMERLING 1931, 1953, 1963a, b), Z DRICH
+ 7 ) DEAEOPIZEIE HAMMERLING I X - T%
DE—HEHFERH S i,
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Acetabularia rynkyuensis (left) and
A. calyculus (right). x1

Fig. 1.

Gigantic primary nucleus of A.
NP : nucleoplasm, NUC: nucleolus,
CY : cytoplasm, CW : cell wall. x450.

Fig. 2.
calyculus.

A. »Y Y OTREZRAE (Morphogenetic sub-
stance, M.S.)

1. o3k

HAMMERLING % % TR LA RTO 284 % U L,
B G U (U A MU v 7o AR (R 1 VR 1 U
T Mlalst 2 1154 U & o i8] & 4 E el 7oy,
PCEDEUMCIEH Te i B L (Fig. 3a), Lo
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Fig. 3.

Illustration of HAMMERLING’S
early works.

HAMMERLING (12 O#7e LOBERS % HHPT 57
Wiz “morphogenetic substance (JERETZRAME, LA
# M.S. LEE)” HHE Lico M.S. i3 THE R,
M &k, R M B i s h .
HAMMERLING (X1, 4/ ) EAOZEIA UM L,
B fe iR R o e B E DU R A LT REE Y
Lol ek, MLS. RSO H AT S %<,
(AR - Tk A Te B 2 xR L7 (apico-
basal gradient) (Fig. 3b), —7i, &k UikRET %
EEIIAEA AT B, HE Licgi b 5 — UM
LTh Hogs l+sz & (Fig. 3c-1), Fi,
Bt Gt IR A B 2 U C b D IR LA T
B L (Fig. 3¢-2) 72256, M.S. b3t U
TR BRI SRS 2 ExWbaic L (HAm-
MERLING 1934, 1943)

Z OWE DFFAEEA 4 T ERERC X » C—faH
b & e » 1o (Fig. 4) (HAMMERLING 1940), A
X B % I FlkaE
ERFLM0FIC I Tinbhic, A4/ ) OERA G
L, 2AKDEMHHKP CTHESCHICEESHED LM
JaE A LTk & LTE SR D5,

TRt 2f DDy 2 Y OEHRISA B X2

XﬁmL®20UL®&x%atMMzALmLﬁ
5L EDHEkED, A mediterranea L A. crenulata

I 2 GHED B o T H U T %, A. mediterranea
mﬁm@kvrmwﬁ¥MMKMﬂLtmﬂ®$f®

mediterranea » A. crenulata |z
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Bh, A. crenulata IBED B - - FEIEIT R
i 2P FROBRIR - T B, 1) ZOfE
DRIBHEREEDLED LERANOERYHAEL,
Z DI A. mediterranea » A. crenulata Drh
B ofxtE Ui, 2) A. crenulata DB 2E L
A. mediterranea D{FIRE 1 ELBE S5 & A.
crenulata WIEV R OfY £ Uic, 3) A. medi-
terranea DRRIRL A. crenulata DXL (R
REEGDHED LFHEEN PR A, mediterranea 1=
HCExRE TR, LrL, ZOLXETMLTY 55—
£H DO BbEB LWALMC A mediterranea DT
Bote, Ele, BITMBELEXELZ E0NHEN, &
DRSS BifiRls A, mediteranea Oz ic s =
ERRbRI, BEKRFERNDS, KOMEILELEH
RO M.S. OFHEBERICIBZ EAHELMERD, &k
DX 5EENL I (HAMMERLING 1953), a)
BREELY IO M.S. s To{bh%b; b) 2%H
ROBREOEEARCHMB oL O Bz ki, &
BHERDO2ED M.S. Bi—EOEE ) FE-TWB &
ERTS;0) 2OA Y VEAWESHEERT
ZEAFET A EICE R &R D Z L1k M.S.
DEIEPBOBKIFETHZ L2 EWRTS; d) B
BERCREFACIFEL T M.S. & itk
Lt I hicBED M.S. 0BEDOHE D& Lic- T
MEl %4 UBA, RHCTEED M. S. o i -
THICILEI OO M.S. HMESH LI, ERFERD
RMCEEDOREYE LD XI55,

INDDERNOKRD X 5 IR IHE i,

BEFOLREYZT THALEDEI KL TARIh
MlREcX Y HIhs, filNEF T OLEHEI—
EBOWEEIF IV HTRBFRECTWL, LrdZo
CEHBIR—HEH 5 7 " 2 RARES E X sy
7YV DffE Lo s TLHRME I hEFATSC &
KB, §H, 277V 7T TCHEMRILEYFIAF
7= hERBREROER L LTEMBI R T2,
HAMMERLING (3% ® 1/4 #4Z 8TCBEC A7 YV ©
BEERERY B U TKROBRERVME~BTTS
ZEFFEH LTI,

%0t HAMMERLING ZBFDHEIA—+ T2
A5 71X>T M.S. #8KR L% (STIcH et al.
1953), ¥EHhSERA ¥R P REBLLZOELL
BEVEABCAY, LR TERCHRECKE IR T
WS DORBE L, HDBETF ThHhS SCHWEIGER HiX
Yalyhbe vkl F—RITXVEEFORNAE
HPE LI, RNA BERERCED >, DD

Fig. 4. Shape of caps as an indicator of
nuclear information in HAMMERLINGS’s inter-
specific graft experiments. 1. Normal cap of A.
mediterranea ; 2. Intermediate cap of A. mediter-
ranea and A. crenulata. Thallus posseses two
nuclei belonging to each species; 3. Intermediate
cap form close to A. crenulata. Thallus contains
two cren-nuclei and only one med-nuclei; 4. Two
normal caps of A. crenulata. (HAMMERLING 1953)

BEHIIEZ O RNA ZEwIcd L2 LT le ik
* EUEB L OB ET 5 L T OHMIEbEL
L7 (Fig. 5), —7, A#A%10AMBETCES &
RNA BRZLETLE, 08Bz 0FKI%
B LT EBREL, COERF ¥ ERBETS
LiEG RS RNA »3UfinL7: (SCHWEIGER ef
al. 1961), WE#Rici3f%An RNA #ightk (7) At
S TERERCERTTHM, ThrXBHE ST T
cytoplasmic RNA %% ¢ HAMMERLING (3% %
7= (1963a), =D RNA oO%EhifF¥EEz3e ULTH
Iohic M.S. D%HE—HTHDOT M.S.=RNA
v hEERICEIELL (Fig. 6),

2. M.S. iz mRNA 2

HAMMERLING DOEBRIEABARCHEOTKLE
oteDit, 5—ADAAF =T, AF—DRAEE
% BRACHET D FHER LTUXH Y Bl » 72
BRACHET (11940 EBWRIRAC KT 288 L EH
AR OBEA RS LT\, it HAMMERLING D
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Fig. 5. Schweiger’s early work
shown in a diagram.
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Fig. 6. Tentative sheme by HAMMERLING of
the possible relations between morphogenetic
substances and RNA and their precursors. ‘RNA’:
substances released from the nucleus and inducing
cytoplasmic RNA synthesis. RNA: RNA syn-
thesized in the cytoplasm, which is assumed to
obtain genetic information via ‘RNA’. ‘MS’:
precursors of morphogenetic substances released
from the nucleus. MS: active morphogenetic
substances. The pararells between the left and
the right side of the scheme depend on the
results of independent studies.

ERFERICHEBILE I E, 19554 CHANTRENNE
L M.S. o4 bEHRITce 2R sz e
Teots, BEFEIGD, EHAEIEELTEALEARE
R, ERFACEWCVTERINZEBEEIL L
FRT™TII 2GR LB 2 La Mo TV, L)
BARINCEAEDOFIIL, W 20DFEELEER
Tote, —BEFE—BETF Bk THS &5 BEADLE
DHCHE L THELLCHEPRZ L THD, —fk, B
FOFELRVEZAOMRETTED XD X 51 E
HEEXMEZERT S Oh2bhblhst
(BRACHET 1970),

M.S. 13%€7’ RNA 3 Lh/c\] & BRACHET
HE Z IR DR195TEEN B TH -7, FRMERDER
fifa & DFELME KRS\l dTH B, =D RNA 1
BTlEbh, MlRERCBTL, BHTRERF TR
2bhTws, ZLTEVH, BOBEHEyHERL

foth, BROLEAAGRYFET S, o, X
BEz 32 ytvyYey— RNA BAHXERBOTC
2~3ELHDZ L THho7zo BRACHET (I mRNA
LW AR T TR Wi o e’ E L Hix2<@ L
Chotee THE—D2RD Sk »4/ VD “mRNA”
3E L BHATHh-T. SHERMIRO mRNA
BEEME D mRNA KHERTRELLD O THS
LRS- TWBN, Ay Y OBREHERIELREY
PBEAIE3 ¥ BLAIREACHERIhTW5D0THS
(SCHWEIGER et al. 1977), BRaAcHET 3 Z D%, [
EF& LT M.S. 28 mRNA TH5% = &wED
BT A L Bdicd, A7 7Y TR KRR
mRNA L iHRI 5 G EBBETH T Il
mbHY 7 VidH L OREEOREVEREEL D > T
B, EHFNTH>THERE DNA HEMIH,
RNA ROERBGEANAR IR DI0DLTHS
(BRACHET 1967), B &M BXTVBHkK, TOHK
+%4, M.S.=mRNA ¥ sfciz bhicll
e LTHERT,

3. M.S. D4 ALEAYEER

OB LTHY 7 Y OREWEOEBEHEIL
7 K4 ¥ ® HAMMERLING % & X/ ¥ — @ BRACHET
ROWRENZHEH > CSHLE -, HAMMER-
LING DEHFRDEFThH SCHWEIGER D% M. S.
DFFA ZIT Wk ¥1973~T75%C, KLOPPSTECH & &
bichy, VOEENSYVAEY —ARNA L2, 2V
Y y— RNA RO HTZ LTI Lic, IR EZD
mRNA 1t M.S. & —FUicEdErRLi, RL, #
LOfFle - ER L LTHIEN LD TH D,
mRNA & M.S. RXEA—#HHETH5 L\ 5 BKHIRER
MNELRICR TRV,

a. AytvYe— RNA

KLoppsTECH and ScHWEIGER |3 1975k 4
mediterranea % poly (A) RNA 7527 5 v
BT 5 - LT L (1975a), (%< DEZMERD
mRNA 3 3’ K¥iz50~200fED poly (A) H&EMHF
T%), EXBFELET C RNA RiEb#E % poly (A)
RNA i R EhD 23 %BRET D LHRA TS
f£Bz &b poly (A) RNA &R TaERIhS
MR (Fig. 7). 4FEZX 0.5~3%X10° &
A bV EHEZh, FHIODR 7 VAF FE#ETH S,
BRTERIhi poly (A) RNA (3#-# b HilaE
TR L, REIIE poly (A) RNA i1#ifasfk
TIEAt ) HAMMERLING % M. S. THEE Lo e TEH
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B HETHANRTTOREREL R bhic (SCHWEIGER
1977),

ZDHZ D poly (A) RNA I X3 BHAROHEE
7 cell free RTEIFEXh, mRNA ThHr o Litiz
SN TH B & &hi, KLoppsTECH (1976) B3R
FNENSB LR cell free ZE AV, —hies ¥
7 Vb & otz poly (A) RNA #in% T90H1 v+
2a_X—tL, BS-2FF=vDRYRTF FADEGR
Z%&ME LI (Table 1), ®MWE L T 23244
7940 A RNA ¥l v 9FEh b Eoks/mrEy
mRNA #inzx <, HADBACRFHRIRTFV
D S DEGAAK KB LI, 4/ Y D poly (A)
RNA B LICHUA L% (R SR Tch, BRI/ m
79 v mRNA D128 Th-t, BFNEDORTIE
BEc\vA\v5ic mRNA oBAEROERYfTebh
TwW5h, K&\ mRNA BEAEGROGRI DB
Vo Y VEBTBHRODLZILHSTFEXRML
TWBHDEEZ bR,

Z D%, MaFa R LT poly (A) RNA B4
LT & ¥8- 235 =vDRY <75 F~DGA
HITHRREC G LT s 2 BAG R OB E ¥ BT
(Fig. 8); LirL, ThbOERIZA VI TV 7 40
£ — FTD poly (A) RNA g i cllbhicd DT
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Fig. 7. Synthesis of polyadenylated RNA in
nucleate and anucleate cells. Two hundred cells
were ligated and enucleated 78h prior to incu-
bation with 3H-uridine. Two hundred nucleate
cells of the same culture were uses as control.
The RNA was extracted and purified by adsorp-
tion to oligo (dT) cellulose. After polyacrylamide
gel electrophoresis, 1.16 mm slice of gel have been
estimated for radioactivity. Cross-bar indicates
the posi- tions of E. coli 23S and 16S RNA.
—O— nucleate cells, —@— anucleate cells.
(KrLoppsTECH and SCHWEIGER 1975)

Table 1. Incorporation of 33S-methionine into
polypeptides. The indicated amounts of RNA
were added to the cell-free system. The reaction
was stopped after 90 min of incubation. The
counts represent the TCA insoluble fraction of
40 pl reaction mixture. In the experiments 2
through 4 the incorporation values have been
corrected for imcorporation which takes place
in the absence of added RNA. (KLoPPSTECH et
al. 1976)

%IYE igxscsorporlzlltion of
. adde -methionine
Specles pg per (counts X min~!x
40 pl 10-4)
1 no — 3.2
TMV RNA 3 329
2 TMV RNA 3.6 189
globin mRNA 1.0 117
3 TMV RNA 3.6 277
poly (A) RNA
from Acetabularia * 62
4 TMV RNA 3.6 190
mengo virus RNA 2.0 0.8
mengo virus RNA  10.0 0.1
*equivalent to 400 cells
& 60 *
2
':E
i
g 201 /’
I‘It‘)oll ‘.2!'70‘ T '360" l.4(')0

RNA equivalents (number of cells)

Fig. 8. Poly (A) RNA depending incorpo-
ration of *S-methionine into polypeptides. Poly
(A) RNA from Acetabularia equeivalent to the
number of cells was added to the assay. After
an incubation of 90 min the radioactivity was
determined in the TCA insoluble fraction.
(KLoPPSTECH and SCHWEIGER 1976)

b b invivo TREAEDZ LT3 &\ 5 EIRHT
e\,

b. Y&V —4 RNA

A4/ ) OfilaERcFEETS 80S VRV —&ik
mRNA » @4, KLopPSTECH & SCHWEIGER (1973)
CXoTRER, BohREAKEET COAR *H-
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uridine (3 80S Y £ Y —ad RNA Az hs
Emb, EABOBTEREh, HRECBHLLD
DTHBHZ LRI hI, MlaE+To 80S YK
YV — ADBFEFEG—HASAERL, & HHITRRTC
B\ WD T &k Ted o fo (KLOPPSTECH et al.
1975b), °H-uridine -C22W§fEI5 <4 LicDd Efk%
BE#L, 3HBLUABCERSY ERETHCHTH
2D 80S VEY—aho K EESEY NETS L
Fig. 9 0 X5 iR L, YV HV —adll A2~
4mm SOELLIEMCHE - TBEIT5 2 AR
hic, X, rRNA (3808 MO E R T
RBMEEET B = L2 1, Fic KLOPPSTECH b D
HEC XD EEABKY Y ER 4X10" 7 VA F Fi
RNAKEAIhTWB 2 bikid, HHRMEHIcYD
RY 25 —EOPIBHERECLI VAT r v EDY
1008 & 8% X h T\ 5 (HamkorLo and MILLER
1973) OT, hIESWTHETS L 1IEDOHAY »
S—BREW I X7 vAF F2EETHC LItk 5,
ZOfEIRA 7T Y TIRENB L 1070 b EVv, BEX
Bt R s e BEHREIC L 5 LARCHES A
oYV AV —2 DNA #4 5TWBDT rRNA v 2 ¢
vy OEIL FEFC S, RO HENDL, S b
104 Ll koD rDNA (=rRNA v 2 b r V) 2R LT
¥b, 1EOEATRMCEFEITibh T2 LF
FREXhb (SHWEIGER 1977),

80S VA Y —AEEOHEEITREADOREC X - TE
5o BlziE, EMETWRE L THERORRBERD
B RIE554, RNA O4RHEEIT—EY
it %, Fig. 10 wiRIhatkic, YKE3AEE
iz ®H-uridine ® Y £V — A~OEUARILRE I B,
Z DR DO ABGEE VIR O20(5 e b ET S, —H,
R rRNA o ARUEES ¥/ BT 52 filaE
rRNA L 9EhT, 6HBBRY—2IRETS, 2D
REBEEDREL A L r v M hDRY 25 —¥D
BOBIMZLBLDES B, RLHEY 2 5—EDH
BORERHEIMLICHERTHS 50 BEBARCLS L
1AM v EDRY 25 —E5TFIREWCED TE
ELTHED, ThEEEAMINT5C L% L8,
—7i, BRGEEDHMEEET D LIXTERLVD,
ThE THREE R IR Lol 0280 ng
HOEIBEL T AT » 7OERMEVNRH I
VIR D2 REUL eV, FTREEDH B —2o D% 2 Fik
HFD rRNA A b e vgids bifoTuicdn
52 &THY, RoTwik rRNA v R b r vpififs
INBDICENSI L THD, BREEABCLIBLHD
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Fig. 9. Intracellular transportation of 80S
ribosomes in A. major. Cells were labelled for
22 hours with S®H-uridine and incubated for 3
days (left side) and 24 days (right side) re-
spectively in “cold” medium. Cells were homo-
genized and subjected to sucrose density gradient
centrifugation, the 80S peak was isolated and
after fixation recentrifuged in CsCl gradient.
Upper curves: Apical fragment, lower curves:
basal fragments. (KLoOPPSTECH and SCHWEIGER
1975)

R AAE YORE - YAE YR A A
fraction number

DB IR T\ v A b r v (spacer) 2% A
bhp (#%ik) (BERGER et al. 1975a, b), R LEE
i, 20f5ibET 5 rRNA w4 ET 500 -
o IRNA YA b v vDFEETBhEWS &, HEL
W RRTHD EEHE B 1B\ (SCEWEIGER
1977), % 5 —oDTHEM L LT, rDNA DiEH 5
%, SCHWEIGER (I8 k2B & OTHEMEA R 3R
LiBRTWB, BIbEEOBE L e » TEHEK
rDNA ##iEL, rRNA v R bt r v FHERLTY H
Vb EERREIED EIHTH B,

A% 7 YD rRNA & mRNA OFEEZTEHI N
7%, rRNA ET poly (A) RNA »EAAER¥FHET
BEv5 in vivo DFEBILICV, BAAROFEMRH
BAEOTEMTE THRTEV SV 3 BEII<20db
% (D’EmiLio et al. 1977), &, D’EmMiLio Bt
BiE B T OBEAARO—IMIAEHRT de novo
AREhs mRNA C k5o La R L, BMEEEGE
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Fig. 10. Incorporation of SH-uridine into
ribosomes during regeneration of A. mediterranea
cells. Cells were labelled for 24 hours with SH-
uridine 0 (left), 3 (middle) and 6 (right) days
after cell surgery in “cold” medium. The
position of the 80S ribosomes is marked. The
two subunits of the 70S organelle ribosomes
show maximum activity on day 6. (KLoPPSTECH
and SCHWEIGER 1973)

NUCLEUS

2.\

nDNA

/ "ENAN
“\mRNA/»

80S-RIBOSOMES

l
PROTEIN

CHLOROPLAST

Fig. 11. Séhema illustrating the intergenomic
co-operation in the synthesis of chloroplast
proteins. (D’EMiLIo et al. 1979)

DEEA RIS TE THTEL S L2 #E LT
V3, (Fig. 11 2R) o '

B. EABOKE LS80

HAMMERLING ® BRACHET & ¥#.46d5—ADH
Sy A VEFFEEE ScHULZE THD, SCHULZE
1319394 A. mediterranea t A. wettsteinii O

FREIB R T, FOEFRR EFHAOEMEZEY
%3 L, HAMMERLING #|X Ud & LTHEAD »
7 VIFREZIRVEZ O ScHULZE i X 5 ffasm
BED LI - THERED TR,

1. 4ER

EAT 1BFEEL W —RBEREEDOREC A
Tt THARL, RIBRATEAB L5, ZEMNERLT
BOBRIc 2 L BRI L C ke R T 5, /b
IRZRBIARDU LY LEMERBCD - TE
HaeERLTHE (FEB) A3,

FEOMRRE I, kBRI LCEEBE A
white spot & LTEHD OB B, R TH
BN E 42 DB AHRIAA T cyst T %, cyst
OFTIREBTHR E TIRI0EA b OO E K
Ih BN A mediterranea TIHRREDHUYEI-D
B20~30% L - TIRIR e A 5 (Puiseux-Dao
1966), cyst S I hcERORBEBEBTFIIES
LT 2n k& VEBIIEFREIET 5,

2. BESZT IR S b

ScuuLzE (1939) it A. mediterranea o cyst &
TRESUNR > THB B LWEERLTEY, B
BERERBEFURORBOBHIUTESD & L, BH%H
BRIz 10@ O % i L Rea kA FE L, 2n=20T
bbEHE L (Fig. 13), cyst WoOREEGIIHK
YA I LDLBBYBELTRDLIZ-ZDLTNBDT

" Breakdown of
primary nucleus,
primar

— migration of ez
Cap . secondary
¢orphog¢ne515 nuclei :
Cyst
H formation
VRS
(&)
f Vegetative ,é‘_’,o‘;i:
growth 259
Uninuclear cysts
in cap ray
Germling ..
Nuclear divisions
Dormancy
q%oo . More nuclear
8 re
Zygote (2n) °°e°°¢, o:e dwn's-ons
1
Nuclear + [ o: Gamete release
fusion A9 - Gametes(n)
Gamete
fusion
Fig. 12. Life-cycle of A. mediterranea.

Not drawn to scale. Gametes are about 10 ym
diameter ; mature cell is 25-30 mm long with cap
of diameter 6-10mm; cysts are 100-200 gm
diameter. (GREEN 1976)
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ScruLzE D#dH % OBEEM = DR ORELR
k¥ LT\ 5, Puiseux-Dao (1966) it 2n=8~10
LiE®m 1, Woopcock (1973) BIIEAWHBAT
10, ZWEET20E BT W5, BEHIXFIFIAT20L
#x T35 (YaBuU et al. 1981),

WIhiZLThr4 /7 ) OEERIEBTCHLE
B2 B\ CTEIETH B & ScHULZE I3fER Lic, €
S>TEXEE 2n ThHbH mitosis ik »T 2n O
wEERET 5 Ltinb, TO%, cyst ATRES
BEAULEETHHEL2, SHI ATV BN
(Puiseux-Dao, 1970, Woobcock et al. 1973), 1973
40 GREEN DK LEIE SCHULZE DFUTBIE IR T
BELESTWS,

GREEN (1973) (XF— cyst £ UHEBTO
mating type HFBL, £H4D cyst #HELTE
R bE UARBTOEGENLHANL L, Th
¥ TOHROBBEHZN cyst O TRS LThE,
Rl— cyst NCE{BFIL 220 mating type ¥ b
5 50DT cyst HOBBFREDEAIC L -~ THEED
WlEr o B LA HEDETHD, RLERORER,
—@D cyst MBI FFEHLBOAILh T, BB
cyst NOEEFILE— mating type THBZ &t
FHEh, cyst A TORBHUIEBFEIhic, cyst
FRBAMAC Y » T, )k MBS @ ¥ h 5 AT EE
B> T Wihithidk 5w (GREEN 1973),
Koop (1975) it Feulgen %ufa L7:#%D DNA E#%
BAaYMEETH D, cyst NO—BIEBTOKE

Fig. 13. The first nuclear division in cyst
of A. mediterranea. Chromosomes in the two
putative anaphse groups are numbered 1 to 10,
and 1’/ to 10/, respectively. The border between
the two possible anaphase groups is indicated by
the broken line. nm: nuclear membrane. (after
ScuuLze 1939) (Koop 1979).

FUDNAE%* &b, EATFIIEBETO 2 EEDODNA
Ao LRMELE, i Koor XEXMN LA
LT LV, FIRAOZKBIIS0% M BEETHS
Liht, (EELEEFEYE, BHEROBIELH
< UV B X h EFAO K LEBTF ORI
IFFED DNA %40z LEHERLR),

BB ZIMEE D 5 BUTEEMIL cyst 2 DEXKCH
Hr it ot RUEHD,
EACORABEIBREIL L XV EBETTHLD
BULHRSEORTHREALMCER T,

ScuuLzE 11939 DR DR TEREL bk
PHEERARERLTWAN, TRIZATHE LY
EZxbhitv, EABIBER ECEAHO5Eh,
B E» B LRI IL » e MER Il Eh s T
Lh D, SCHULZE DOFEIIIBR O LD IDOTH
55, FhLk, BEXE»LO_KREKRHIZIEED
bR Tt ot B Koop XA+ Y OFE
BE Y RETB V1978 EARDO A WUB X RE L,
Koor (1979) & k3 LEXREELEICR.SHFERY
SlkBEXESHBIREN: (Fig. 15), KL zh
13 A, cliftoni BT ALDTH-T, RARCTRDL
Hic A. mediterranea DEETILZ WERELE
BRIRTWEW, —fF, ZOHHENE DM DORE
TR R—TBRbh Tty ZOicEKX
DG A VEBOBRRE LTEFCROIS
EThiE, $ETELCHREENREL T DR
5HO5h, BETORFHE DLV —KBITHALITH
ANy VREIRDPERD 7 e =F v b o TS
7, BhORR L IIC—KkZKX2500(85 1 b EXILT S

A. mediterranea ®

Fig. 14. Division of the primary nucleus in
A. mediterranea. (after ScHULzE 1939) (PUISEUX-
Dao 1969).
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e =9

FC e
4
et

Fig. 15. Intranuclear spindle in a dividing
nucleus of A. cliftonii. x1200. pg: polypho-
sphate granules. (Koopr et al. 1979)

DTN THMAEN A2 I, A1y v
FHT 4TI, BN OGB4 0 R e i
HTHD, WTFhicLTdh, =D Koor k- TiR
SNIFE R Y7 ) BO—fEE LTtz e
WHR XL Eig,

3. BB RSB

Puiseux-Dao (1970) 1 cymopolia = Batophora
DEZENHAY 7 ) FDOEKFIL endomitosis 12
X 5T polyploidy &ic->T WBEEAD & HEI L,
polyploid & LiEd 7 b DI 4 XDk,
IMEDIER RO E KRR DNA ~ADF 3 & v ORUART
Hotco BERILLIE—®BEDOPCHFET 5 EX e/
k1% endomitosis 1T X » CTH A HETYLa T hIn L
THAMLIcb D EE X bk, VIRTY (1965) 1XE
KPS To DNA DfFBI%ZFH~ S/ *H-thymidine
D FUAZE Htc, itk KAy RNase-sensitive
7357 q VIC ABN, [T < 20 DNase-
sensitive 7eHUAZR b —kEHIIORE TR S & Lo
ALl, BEREIEEETHD LS FERIRE RIS
WAL - 1ehy, 197841 SPRING  bikhsis b IERE
TeHifi Co A BFE L, ScHULZE AMOERTIC~7e
IO —KBERIL Y 2n THDHZ LRI L,
iz %4 propidium iodine THNYLfa L7z gamete
L zygote ® DNA # cytoflucorometry THlE L,
Hae14h 092pg & 1.85pg L THAZ EXIRL
Foo WCHBEBBOE AL CEEL, YA 7R
~t+7%74C DNA E#JEL, DNA HixE
KM 2.6pg THotce TORT 2n LHWL B

DB D oA RIS S DT b polyploidy o7
REMERTE S hic, EABIL 2n EIES i, AL
ZRBEIREARTD & & Tl 5 T fel g i S g
meiosis [IMEHR E LTHLMA TR,

. HEOEXEHZE

EREHIE D REICIL 2 DN B - Tce — 2l
B © AL T 2 B O E OB B OB K
THH, b5—20%, JHEEFER « Al b o
R EDFHAECE T A HFIECTH » 7o MBEDHFZER
FDOWGHENTE > IeH DT OWEET X » THl 2 D4
Z BT TR e VR X B i E S X - ¢,
A BEEEROMII & TR & D& e S, Fil
WHIBLE (GO & &L Ts o 7o,

A. EXBEOfME L e

1. Bk (2) : tTRNA Ao

FeFh 2 ~ 3 W - TR O — k% % M E BRI EE
CTHZTH L BRCIED - etk o fiie DNA o
Bl (DNA-body) »fZEEh D CRJIKRFEZR), H
t FeolE#R AL, NOR (nucleolar organizer) 7%
TR L S TR R T\ T OFE A UreihMk > A
FevORTHB, —KEDOHK Lkicz © DNA-
body 7% rDNA (V) £ ' —2a DNA) O—AKHHf#E
FHUTEEREA D, Zo rDNA o ki rRNA f#ij
EhfkAi> < s (transcription), #/MAl: rDNA
wiihE Lick&Eo rRNA §itifkoED ThH, Th
M RA o> THEI DR, ¥ —t— OB/
fk (£) Thd (Fig. 2), B/MELDDGETII
B050% L L% 558G S HH0ET 5 L s
DHTa2=y bEHh TR -TLE S,

BoMRZEBE T oML B2 EZEh bE - T
% (Fig. 16), QEFHizEET 20Oz,
OIS e E A R B D, @ o fE Tl
B b ohfWRARNCER O 2 G - TR A%,
®@/Hilo cortex LIFEN SN TEE 50my FO
MR Ci ST\ B (SPRING 1974),

SEMBIT T oML, (KR, 0.1mM
sodium borate buffer 1= L C10~1541 v &F =~
— M LEDOBEEEY 5 =7 ATHREL, £y v 20k
IR CEBE RS & Fig. 17 WRIKBHELHAR
OB ENEZE S D (MILLAR et al. 1969),
ifiia 7c3 rDNA LiEFICifst Lo>25h 5 pre-rRNA



250 SHIHIRA-ISHIKAWA, 1.

Fig. 16.
mediterranea.
gf: granulofibrillar zone, 1i:
nuclear membrane, p: perinuclear cytoplasmic

Aspect of the nucleus of A.
nuc: nucleolus, C: cortex zone,
internal zone, m:
layer, b: perinuclear body, v: vaculoe. x40000
(Photo. from Puiseux-Dao 1970)

.. s

% i;\;‘ _a r,
s 3 3#,,,

—

’z?la{ss‘%& kpj’k)}{tﬂ_.“ " - " A‘.

5 um

Fig. 17.
unit. The regular arrangement of fibril-covered
(“matrix”) and fibril-free (“spacer”) regions on
the axes. (SPRING et al. 1974)

Extended part of the nucleolar sub-

Fig. 18. The normal, extremely dense packing of insertion points of the lateral fibrils,

which show terminal dense knobs (indicated by the arrowheads).

(SPRING et al. 1974)

OFIRIERE (matrix unit) &, spacer &ITEi 5 iR
FeS gy tDNA fHnbl-> T b, 120Nk
FRX100~115DEHER 2 2 B TR D 1 v A b
7 v i2100~115D0iF L e RNA R Y 2 5 —+&
»y rDNA DO EMRGaTIc> TWB T EMN 5, H
WA KT 5 &, %20 pre-RNA §40 40 5
KA LTunwaific x5 (Fig. 18), =ik pre-
rRNA D Jelin i &AL AtRD T 5B 2 LR FEkL,

The bar indicates 1 ym

1YA e vniffgidinsd &—Eo rRNA FF29%
REND MR HEEHEFEORE P CEE 5~10 pm
DBV 7 ==, VELIBBAD DS, O
FHIC X - TR D —E TV, 130~160 &\ 5 i
bhBMNERLTWDHELHD, 1V T ==,
2 ORI (matrix unit) (X120~150777E L,

M A T te & - T B2 3UTi%E S RCiTI S h
TWDH Ly, & OB/ IMED TR DI RE
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Moz Abh2b0ER U ThH, XK &k
matrix unit DL 2 e FLr v I e~ OREHR
DHDOIHL LT3,

W Ehic rRNA (XETFHEEOR VR & 7c - T
BMAD cortex HHE MR T 5, ZhbATEMIK
—f%D rRNA B ORACLD - T 265 & 185 Y
AV —2A RNA Lico THIFBEMNT 80S Y AV —A
T D THA S & EZFHRD & 5 A ALEFER
BHb, WTRCLTLEARBE AR S rRNAX
Ml ECBE Lishudicbitws, o@EaiE 5%
FBZE o0 H D, SPRING B (1974) |% cortex
AR T A BRI L DA LR E WKL (50 nm) A%/
fkd cortex zone DT ITEAEL, FR BT
ARohadolRULThs odriiL T %, BoL-
OUKHERE (1970) (X% MAk D S & 1o - THkHEE
DML THZ ERRL, TO—IRILEHE L CTcortex
zone IZ7e%A, —ixEREE DL - TR THITL &
LA R Lic, SRR SERLIR O 8 FH 1 O i\ Bk
bBlbhic, ThbOREIBEDOFZBEIL, K
WIS E AL THORGETEEI SR BH L
WA TORE L 7r > TRIEOARCBiZT 5 L5,
Z D 2ffinEk{k (spheroid globule) % FRANKE &
LRTE D, HEOHFEL L UIEEELHHL, &
fps rRNA @ transmission TH5H &\ 5 ffEEIL e
W (Fig. 19),

2. Fv7T7 T o4mlk
SPRING B 2197541 (T AHZEFH MR IC &  BE R
7777 R EAED Uiy BRI L, 1978

AR s 2 W MNT

Fig. 19. When the spherules (sp; and sps)
are located near the nuclear membrane (mn)
they are in contact with two new types of
spherules chracterized by a coarser fibred texture
(sps and spy). x18000 (BoLouxkHERE 1970)

LN T v 77T oY tatkl LCTHEIR L — 7
WA b Yo fh{§ A 7842 Lic, SPRING B iz
Fpit MOULLER (1974) /b -TASA KI5 A
LU ER R D, BN EATI VST
AWCIRF CHMEM e« T -cdbnThs (Fig.
20).

BAROMEC b » TRIFCE 2B L, S8
haEfl, TOROWERRYBETS L, HE
Bk R R O O HRIE 2 TEABDSER LT
25 1A DN Ml A sE e i v b
tnZ kicied (FKRFER) . 16> TERBKIIG
MiEOR & A ENEPIC ki mRNA %4
L, MilEC®kY HE T binwEThs, B
KN T v 777 Y la kTR END & LT
WEIhDZ ETHoT,

e B DI IR TR TRic 7 v 7
75 Rt fhiiF 7 XA~ THifE Lic 2 RoR @ kT
WREhTwb, &AL, EXBEDT v 777 v §fafk
—AOREAEN SR > TV BB EZRS (Fig.
20, L, XX LI 2KORESEALKD &F
E, BEABD A 0RRAIE & R Uiy 2 0
ThHI ENEREIND, KL, —HTHEELN
Blannd L R—2%% & bl iuls b
KRiEIc, T v 77T R RIS AT
BT L0 MiFoMleErRzBRThH-ThhE
o7\,

SPRING & (1978) XHC, FEH0ADS v 77 F
SHEED 5 HO L ORI TR ME= =, b
Lo TNBH T xR, Bk EYadk s OBk,

S

Fig. 20. Lampbrush-type chromosomes in
primary nucleus. X630 (SpRING et al. 1978)



252 SHIHIRA-ISHIKAWA, .

Bibyetafk o NOR O FEHEW BT L T,
X SPRING B (1974) VXEBH L7cB/MEy v 7 (i
yk) iz, Vs matrix unit 234%< BBbhB T LR
EIMLTWA, chbix MLeEr b (1972) Ak
HoJRHan 7 v 77 7 YRk TRl Licr— 7
Lo transcription 2 & T\ B 2 &b, BTk E
SRS, mRNA FilREDREEE 2L bR C
LRSI LT 5B, KL, B/MF matrix unit ©
&G o b D THDAREME D BHE L TWigly,

3. PEARBIA(K (Synaptonemal complex)

— YN DIEK LI EMED FIHR Lo0 b B H,
TickHOMIROVA S IR &S A BRI Hid
5D EFETRL, BETFHEERTHLN L
W e Lie (Fig. 21), 4 FHE A RS 2
Hic o> T2 RKDMAGEEON IR B 2 &I
AL S hickiETh b, A THAEERIMIEZ T
®, WEH, Bl X Oy OMBZcElEShT
Wb, b DX LIcBBRG I T G AR G R
DORE L LV, L, SPRING Bk haELic
DROMBIEh - EME L TR Y, KELOHFMEL
MEERTe b DTikicLy, AL ZMAHET

72 DIEXE KA T ORI ZHI WG B ie b L8
b,

Fig. 21. Chromosomes (a) and synaptonemal
complex (b) in the nucleoplasm. SC: synaptone-
mal complex. (TikHOMIROVA el al. 1979)

4. ER#E &I E o5 AR

EABER AT IR 5 B 0 FE AR A B
P UCHAET 5o B SR MR B o0 JE 53 B 2,
W F O Ml perinuclear zone & IMEE A A H Ik
FREERCA VAR HIBEOE? 55 (Fig. 22),
SR oMl B g, (Junction) T ZE U
BoT B, Bl 1 pm? 24 H70~80D %L1 H
DMK &3 U T B LSRRI ELS L7 8 flil o
Tk & o ek E W LEofR LR R Bbh 5,
ik pore complex LIS, O NI DYED
B ihic = o pore complex 2BHL- LT\5H D & B
N5, BHI B G LTz odulf HUL
7R i b, pore complex %k THINWEIIC & D
WR2BET 22 L E2 b5, 4L, perinuclear
zone TikHE b L Ol Rtz &b, B
BERILZ D zone A THM LT < OTHL
e EE 2 bR Tuwb, fijgkio spheroid globule
b F AL AR T A EA L L iy,
globule 7 &k D %A% pore complex 1CHENNT
WA TR ST B, B Sl o S e E
B L BT E L perinuclear zone o i A5
W LT b e, SRR O IR FR o ik

spheroid

an Acetabularia measuring 8 mm in length. PB:
perinuclear dense body, n: nucleus, Nu: nucleolus,
FC: frontier complex (perinuclear cytoplasm)
(TikHOMIROV A et al. 1979)
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PREIhLY, LECRBMIFBEIALVTED
TEAEIDOMEDOBIHNZ DBERE LML TS
Z LIRIERR I, 2 OGRS A & AT
ONEBHEHET BB THBTHEMSL 55,

SE4E, perinuclear zone A bHih b perinuclear
dense body (PB &B&3) Wi B -7 (Fig. 22),
PB %, A. mediterranea D#fhH: 8mm IZE L1
B (%% 2~ A), perinuclear zone DB LM
Esiz B h 3 (FRANKE ef al. 1974, TICKHOMIROVA
1979), PB oBuiZbr/bda L &, BbiadH
REEHRT B EESL B EAN DD, *H-uridine
PRV — S S5 7 TIREBEDOFC T L
R U & 5447 T PB shicgBlr 7o 8bh, #&E»D
BHEEREHETH 5 = & HBFFBRE (Tick-
HOMIROVA 1979), PB %, V"5 =17 57— 17
7YVCvALvveSTre=F v ER LI ORREIH
%, %> T PB Dhiciz%s DNAWEETHTHA
5z LhHERIE N, T YR DNase AET
PB Mz -5 84 H 5, perinuclear zone D
SholbcRbhs PB CiiEx, SEERORELE
YROBEEH PR TS X 5 B IhFAKIE D
BT Y £V — 20BN R bhi, Z 0ERO (1
2000/ &\ 545 H 5, FRANKE 1974) PB i1t
CHHEIhABMET, BATHAER Y XY — AR
BT oTCOBDOTIRAEVES S kv ), BEREEH,
BIiEARFE LIcHERIS 7 ¥ h Tv% (BERGER et al.
1975),

perinuclear zone |I{ifad age LIREEIC X » THE
HrRT 5, BEOSELE LRI b
BT MRERIE /eh, WHBHEEL TV,
CHhxb, RL, BHUEINETTHE, ZORBIEL
T, ThilboHBEBHZHIETINICREL 5,
A. mediterranea Ttz DHIREROINE Y EXK
SAUORMMNETIHG H 5,

perinuclear zone % 8 LIcEHEL, VW5 ETDH
T HIRREMEIC D » TEMlBER I h T <,

B. EX# L HifRE MLk

BEOEAKOWEIL, EOKOMMELE LD
Ritthbifgdbhtc, AL, MlRED ¥, B
YEXBZ L ToHRIhB L THY, —HilaA
s 5 MR E & AR O H A B R BEEORER D
12k/c>T\ %, BELHE L LT transcription O
35 & translation OIE L ORICED X 5 il 2 7

ANEE, DX v /I ANFFEIRSES, B
ABDOEHOBRETH D,

TARE LicEithn b, EAKYIUEL, BEH%E
ERGERICOWT, HADHBEY I TELTARS,
SCHWEIGER b (1975) 1 X Auid BABERZ I B T dk b
T 24N F DI EEY b T ETT AL L -
Tk, RBET IR VOEENN S D Z LML
BHahic, RL—F, EZKEGA (WRE) fEkdbT
Foort Xk, Bl rckic, B THEMLKRD
Y5 KBEHREYEAT VB, ORE EHEHBICLE ]
FXTD component ¥fFx T\ %, @it
DHOFRILELC D D 2> TV 5, (B> TH
B 5 TR DIk Ehsd mRNA
CXBLDOTIRAL), ORERED 2 v B, &
BERGEUTAKRT B, (%< 0 BV EZNMREST
ARENBZENTEBINRTHD : TAHY 7 4 A7
7 2 —EIIBRERIOB 7o > Th LI LEAD T,
faBE DSBS TS UDPG R 7 2 R7 4 ¥ 55—
L ESARE R TRBR OB LT THINT 5
MNEO#INL puromycin THE I hic,)

1. BoMlEZE

Z ORI o R LcEEOMREREEC, &0oX
A ER CHE OB L ED TV LENIE b2,
BREEAPEBIHICI D, BHDAIhICRED
ik mRNA # A4 LCHIlRBERBENLTChEBELD
HFROPIE X TLE 5, SCHWEIGER LIZREHKD
HMREYEY S TFVvLr TRz X 5 & VERKERE
TRBHEAIEO7 1 V41 A% L, Efkrey
= % — b OXkE) & — VIZHLNCHIC X 5 TEVAS
B Rt sk 2 ~ 3 B0 LB I h ik
FoAx—veEb L, EBREBLEAL-TF 7 b —
APk EREFE L U v BB ERERIE LK, I
RELT, 74 7¥1 20kB~5—v H"ELLE
(SCHWEIGER 1975), % DIEERMAEB & v 7R, 3
BkV £V —sEALVMRKY /) 222~ FEh T
B ENEHIRTWS, A4/ ) OEGEDEK,
B&D¥ ) 2% b b, transcription % translation
CHBELEERY L ->TWB LT, £ 0HS
BEABOYEREAYZTTWAZ LIXBELNTHS,
STBEIhCRERKT, HYOERTEECERME
YYETHZENTES,

2. MIRREOTE :
HAMMERLING (3 WD EER TS b - ElEN b
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fxET D EEREINEL I Ll LT,
ZOWMKITFOLELYHRL, ObIC cyst BHATS
T EDBEREC I VNI ol SRR LT
5, ¥ age ORLFA—MEEMAEOEERTIR, Fu
B DR & A TR LIcEER DR Z Dl & LR
WA OO EHICEL L TkBER TR L, i
A% R LI D AR 2 35 Wk 0 R ic o7 <
AL TOIBIEERE D, HEAER I e oL
HECTURBIERA RS 2 EAHZE I, TR,
BERGER B (1976c) (XTEHE%Z Tz oE KD
b & HHE D ic BT A REMZE L% FEC #i~ 1, Fig.
23R & 5 WA LR T A B D JE A R e T
<, BMEILY — e — ST h - T B A, #{b
LIS TRREDOENFELLELS b, BMEX1Eo
HAEfH LR b 2L 51K, ThbOJFjEY
TR E LT, BBAR, MIECES A &,
B B A E B e 3R b, g
i, BHOBAELEEl, O AIRE O EA
ED X5 HAEERIC L > TEliRIhs D, WE
MR ST ey,

FEAHE & D B R L os@fRc 3 v, BRI
HE LIc— Kk ETERETHA 5, HlkH 8~10
mm (ZFE LT A, (A mediterranea TILIEHH 2
7 1, DT 5 A calyculus T35 HE) —
YT RIS 40~50 pm &g b, PRI YWY e
BMEDTER 8D, FOB—KBTTITK & Sa i
LAEMREAIEL 705 & (A. mediterranea —Tii3if
% 8~107 A, A.calyculus Tl 7~ 8], 100~
120 pm & 78 ) ERBE LS8 S LW e e
tich, A. mediterranea TILiHi(k» 8~10mm o

Nucleoli of young (1) and old (2)

Fig. 23.

cells in A. mediterranea.

Ui, i perinuclear zone 2 FEFEL, Z DEH®D
B v 77 5o iR TE D B L, 4
calyculus TRz DN D, B i L Cb M504
DEMHREY LD X 51cicd, R Lic—kB,
My EREOEaoERC i -lcs b, 3T, £
WRICE S ¥ COFENEE (tRNA L mRNA) %
TARTHECZELTLE SO bahicu, &L,
ZThitbif, ZOHEO—KK VWHhWYpbEAKZKLfI%
LTWBDIEA 5 hve — UKL AR Lic & E T
xR BB TRNEF-TwWb L, X ZhHSERS
NEF-Tw3 C &R~ &R LATECRED
EIWR D O rRNA %25 < b il 5 B3iin X
%51, BEMeY bk (DNA) »{RFF L CHMAE O
BWIEZHKIEER DR A% R > T B D0 Lhdsly,
LEDMIRERIET B &, & ORI RGED R
RTIe, Ly LEEEROE T OB o fd %
CADIRCHFEZ SO > T LE o7z, A. calyculus
TREN e &, BERBEEEFE L UM ek
Fr#igshic, FRERBIELZOFHRCIBRY,
FEHLTNCHEZ DD S otc, Thboifd
2 Al calyculus O—EREFRGMET CON R L,

HEVIEHOFHEAHZ WL T hE bt d
DAy, BHETHE, HELBELY OO0 5 LNz
Bohitnw B st s,

TR Y o THE R A TE R =R 0 »
W/ U BEGE D BT & B B0 B IE A & LU
Eoiy

5 R X wmk
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