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DO AERNIE, REEANE»LD RIERZ,
DNA A®AETIRV, FHickE2BEUMNs, w2
O THRBEROBRIA VIR DATNE C L 2HE
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AMETE, EBHSRRTSEKENT H2 A
£ | 7, Gyrodinium sp. ZHU AL, BEARA~ND
Arg-2H 71 5 tfic uridine-*H OF D AHETH~N,
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ZOEMOBKATIE, 70 25 80A ofEkEs
&> DNA #¥h o 2 EER S, Arg-rich 0F
BE & I3geEd, Rfatko thic EET 3 nucleo-
filaments L SHUZREREBLT, HIRIES
g5l xmidahiic, HCERELABIEALD
B EERLI. ZoHHEELTE, DNA 0B E%:
2L 25 »BEEhORFES O-P-0-C-C-Co
T.UHA pEXE, BABOYEEDL % dipeptide
BRGoEFES N-C-C-N-C-C 0 7.43A 0 E
SoMicid, WAHOEESDBNLVELEYT, BH
Bo4Milic, DNA HSAficiEL, # 409 A ol
R cEehicEiidhid, DNA © PO~ B,
BEEEo g NH L3, BOHTRBiKI 4 v
SLEL BB BT SN

B4 o DNA Bg4id, Vinograd and Lebowitz
(1966) ik hid, EokH>RMENES EIENT
L3, AFholEY vBEETO S BRLLOAH
Higtkh SBHATH 5. L L, DNA Bglic Arg-,
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LEARE (P) o ¥4tk (P-DNA-DNA-P) o RE
KT S DNA HROEEEORDIZ RIS Ko
pTizd, DNA BgicgE s hiBlisizEiEo
Biz, HESOKEZEEAIIMShE2ETHS. C
O d 2 eFVEREZEL Thhvbhic & DHER
aht.
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Thb. oL UHELEST 3 MNIHEIEER IR
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filament QWA BL T2 bha C &&RT T
BALhl.
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H7% DNA 813, BN T 2B BETE
5. Lo5Eid, DNA E#icsdd 2 BHEORA
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FHEING. ok5uEE»S DNA & RNA 4
i3, 8 5o nucleosomes & nucleofilament o
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sp. i3, histones Z¥NICH LIz, ZOBKNER
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EEAL5D0THE. L2 TEELR, BRkE
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Bani., 6090%ic, 10oml 0 12% 7 na vy vy
t F-ASP.NTA ATH/KEEORINICE>T, #ila
BREE SN BEYFOERLEEHEA -5 V47
5 7RI ERL Z ook, Arg-*H DDA
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Gyrodinium sp. O 3efa 4 ORI MIEE OB 12
5 e Arg-2H % uridine-*H Ly JAA OB A — b
SVXY5 7ERBL i, HABEFD JEM-TT7H
DEFHEMESH SN,
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1. BACHIT S Arg—H OR Y AL & REk
DS

Fig. 1-A {1, Gyrodinium sp. oKL AN~
Arg—H OWYIAHMAAERT. BARKBOTE, X
oo Arg-*H i3, akPiBogiEi o Liclpid

Fig. 1. A. Electron microscopic autoradio-
graph showing the locations of silver grains
due to I-Arg-*H incorporated into the
interphase nucleus and mitochondria (arrows)
of Gyrodinium sp. B. Electron micrograph
showing thick chromonemata and nucleo-
granules which keep certain balance between
chromosomes. Two frames with the codes
C and D, which is attached up side down,
indicate the regions for showing more in
detail.
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FNZENBERFOMNEBEISHATHS. HEALD
EATRT I b2V FYTIRORDATHTOS. H
DiABI I Ich iz fodic, REEKDOF Edl
WizdbPKFERLND.

Fig. 1-B i3, fKIbBOROANTERT. Bok
&, Bicgahr#l)s | RokTidiul, 8456
nRoOBELDEED L LTEEINTVS. 20O
WE OB X I3 800A THEIho, HAFH KR
TREDLI6LUTTH S, TDL>KESOHNER
IH o 2R OBk, EEICEANEEL b0
THY, FNERTLIIC, REENTICE, 2Rt
DEROYIOAMRONE. ZhSOREEH LIS
fedic, CELUDOMNIKELT IRER % 237
e 4RIk RT A &l

2. REHROHMENESE

Fig. 2 i3 23 /55 & 14 A iciiR & ni ki
RY. PEABEKIANTHIEHL. BHE
20A 0 DNA @2&Eo#AR, CORPTTREZLE
n0.46mm BLY 0.28mm o KxicE 2 2. KC
Tl b, XDTIRALIZDNA 2EBLHADKE
RRTREARE. NCikd, B1oXAlT, B
ROBERI A VOMEMSRENTVS. P2 o k>
THROVBFREAEAZI TS ZOWHEIE, REARD
BRIAANDBHETHLELERZRLTNE. E2OR
A, AU REAERI A VOREERT Y, £
i3 Po?* a0 8 DR OMMIEEHED R,
50 5. B3 OXHRBAEEOREARFRT A VER
L, &34 icid, Pb2* TIBE SN0 SR Mk
ELN, KsiRfAhsd 20ABTH2s. B4R
i3, H1OKRMTRLUIEERBER2I AV EEET S
5 134T, FaliclhTH 3.

DT, #1 OoREZRERERT 1 LOME%E
KLU, H2oXRAE, REAERIS4VOMEIES
hz Pbr* etk O MMHEETRT. F 3 ORANIZ
pEARERIALOMEIRE S0 S Pb2 JERamMtD
WA AR T, CORKRIA VG, By FOLES
XERLTWE, K<R3&, Coafrpdiichd
NAMAMH I ER L T2 00bh 5.

KE X* E’ id, Provasoli et al. (1957) o
ASP,NTA o AL #/Kic#hE® benzanthrone %
%, Y& L o Gyrodinium sp. OYvEANIBIC AT
SNt ARERI A VOERENE TH%. E & E’
BEUHEERTY, Edaos rix&dBREaA N
ODESZMZHICHEZEEL, E' @, a1k
Bfid 2 Por+ Jeihfatk O MMM E R oY, W

Fig. 2. Fine structures of chromonemata
in the interphase chromosomes of Gyrodini-

um sp. C: Cross section (arrow 1) with
the peripheral thickness of 80 A. Obliqued
section (arrow 4) with the unit height of
150 A. The other type of obliqued section
(arrow 2) with Pb2z* unstainable, 8-shaped
microfibrils. Side view (arrow 3) with right
handed coils in which the Pb?* unstainable
microfibrils are observed. D : Obliqued sec-
tions (arrows 1) showing their hollow in-
sides. Obliqued section (arrow 2) with the
Pb2* unstainable microfibrils. Side view
(arrow 3) with left handed coils which
possess a very steep pitch and include the
Pb?+ unstainable microfibrils, E and E’:
Cross sections of a giant chromonemata with
the peripheral thickness of about 80 A to
100 A. The coarse windings of DNA double
strand (N-shaped black lines) can be seen
around this coil (upper). The Pb?* unstain-
able microfibrils can be seen in the string
extending perpendicularly from the right
shoulder of this coil (lower).

A I 2 T3, ERSZDa4 vDES
i1 80~100 A p#Eiflich b, NFERAZL, 20A B0
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KEELDBOBS, a4 VORARIELDHNH 5.
E' R 34 vOEE» S EFICEEICHOZ 5l
Aotz s Pbrt Jpifaik OISR SN 2.
3. BAICHITS uridine—H OEL Y ALE
Fig. 3 icid, Gyrodinium sp. DKIEEERE IS

Fig. 3. Electron microscopic autoradiograph
showing the locations of silver grains due
to uridine-*H incorporated into the inter-
phase nucleus and mitochondria (arrows)
of Gyrodinium sp.

Table 1.

% uridine*H o K DiA& Ak ;Rd. KB ©
uridine-*H i3, RRFoO AEH S YERNERORE
SoLicibAEh, RATRT2EOIFa v FY
TRORDAENT NS, KEBRICOIDABDERE
Sh 3, BEho RNA riEmash 3.

4 REHH O RXEBLRECHITS DNA LU
RNA O&REBME

Table 1 izi, Ishio et al. (1978) s @iHliz B
TR L7z Gyrodinium sp. @ BN icBi+ 2 thymi-
dine—*H OE V) :AAH B &, ABFZicH 3 2 uridine-
SH OB D ABEALIC OV TORBAER Lz D AS
413, thymidine—H & L < i3 uridine—*H iz k>
THHEL B FONES, YAk oiRi» S ORI
LD THESH, REEOYRICHT IHAERTRE
T3, B/Shic RNA o&aEsiid, DNA o4
BERAL & D AR ORI ES 2 Z Ehsbin s,

5. #RHMEEOKIERACRH IS EBRE

Fig. 4 &, /NAE D ASPNTA AT#kdic 105
cells/ml @ BHE i WEsh, HBRBI o7
Gyrodinium sp. TR 7 S iz B¥ KK OEBIHE
Th5 BEBOR FMEAKE (NM) o—#h
RZ, DLEERTER (Tr) oklE»xR oh 3. Eh
ONEEEECEMOBEZRL S, chsOEREIEA
KEHETZCEMNPATSHS. $1, COBHBR
505 3MEoERA (ChL) i, BHIKRALLbD
THEZEBHATHZ. THiIKE HEY Lz 0F
Wikibogaik (Chr) BEOHh 2. dlificid,

The locations of DNA and RNA synthetic sites in the interphase chromosomes of

Gyrodinium sp. The locations were decided from the positions of silver grains in the E. M.
micrographs due to thymidine-*H or uridine-’H incorporated within | hr., and expressed as
percent of the distance between the silver grain and the margin of the chromosome to the

radius of the chromosome.

DNA RNA

Location of . Location Location of . Location

silver grain Radius of of silver grain Radius of of
du% to chromosome synthetic dcllle tOH chromosome synthetic

thymidine-H . site uridine-3 : site
in mm in-mm in percent in mm n mm in percent

3.5 1.5 30.2 1.0 10.0 10.0

1.5 10.5 14.2 5.0 10.0 50.0

4.0 9.0 44.4 5.0 8.5 58.8

35 11.0 31.8 7.0 8.5 82.2

1.5 11.§ 13.0 6.5 7.5 86. 6

4.5 9.0 50.0 4.0 10.0 40.0

1.5 14.0 10.8 2.0 4.0 50.0

0 14.0 0 3.0 4.0 75.0

0.3 14.0 3.6 4.5 11.0 l 41.0

3.5 17.0 20.3 |

21.8+15.6 54,8+28.2
=6,2~37.4 =26. 6~83. 0
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Fig. 4. Electron micrograph showing the
inside of an interphase nucleus of Gyrodini-
um sp. stood under a certain starved condi-
tion. Chr., chromosomes with thick chro-
monemata; arrows, abnormal chromosomes
with very thin chromonemata; ANg., aggre-
gated nucleogranules; Chl., chloroplast;
Tr., trichocyst; NM., nuclear membrane.
From the concave presumed by two parts
of the nuclear membranes, it is clear that
these three chloroplasts invaded this nucleus.

M IE SO 4D MRE S KEIT /RENRTN S,
Lo A Dz, BTHE OO R O RE
th (ANg) BHE oG, Fh, THoBmk @ Mic
i, MBENOEEEAGSRONE. MREEFHIC
HLLRA DA LB IREIIEAREI N S,

6. RRBEHOREAH

Fig. 5-A i, HOEMEHH 12 O 2 HoMIRE
DILKIETH . WREDBRIBER S, 0
OBFRBESTRMB IR EST, LHOBHEKR
K. (ANg.) wiEgsshta., @Ko Nk,
MR IcE 2 2HOEHRANRE ST S, BBOEL

inside the abnormal chromosomes (arrows)
and nucleofilaments in the normal chromo-
some surrounded with aggregated nucleo-
granules (ANg.). B: One sided distribution
of aggregated nucleogranules (ANg.) located
actually inside this normal chromosome,
because they are found among the terminals

of nucleofilaments (Nf.). Many stretched-
strings of beads (SB.) are connecting these
nucleogranules and margin of the abnormal
chromosome, but the strings of beads inside
the abnormal chromosome seem relaxedly.

BEIKILKS N 5.

Fig. 5-B i3, MRAKOIABTHS. ZoirH
CERDEE DT L, DNA o (RF.)
EAB T EERT. TNODBED S EE L KB
B (ANg.) MO s R EEHERAR (SB) Thy,
OXEEBRE 2L, BHEZ T3 E0bh
L. WREANBORADEEBERATH Y, BKEENSC
NOBHRAOHERL b0 LUWTX 2. L E
OAFR LD b LI, B 240~320A optnkD
BRaAvBEEE NS, BB CCOBR I VI
Finch and Klug (1976) »#27R L 7 nucleofilament
EEICSDTHI T EmBEINS.
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Table 2. Thicknesses of nucleogranules, paired strings of beads and nucleofilament in the
interphase nucleus of Gyrodinium sp. The nucleosomes which construct the nucleofilament
seem to be identical with these beads making the nucleogranules, but these beads seem to be
devoid of protein cores so that tend to collapse when pulled toward the inside of chromosome
and change into such strings of beads.

Nucleogranules Paired strings of beads Nucleofilament
Grade o ) o
of , , , Peripheral
thickness Diameter | Nucleosomes Diamter Nucleosomes Diamter n p
. . . . . ucleosomes
in A in a bead in A in a bead in A in a turn
Maximum 300 6~8 140 1~2 540 11~15
Large 240 4~6 80 1 400 8~12
Common 200 3~4 60 3/5~3/4 300 6~ 8
Small 140 1~2 20 1/5~1/4 240 4~ 6
” . ZOAD LIRS BIRKD BAER I 1404 Lu

1. REROMEERAREOREE

Gyrodintum sp. OMGIciE, BEEMicEL R
SNZME/NEERDIZL, VRV -2 3TERKE I T
aVF)TRRETN K EET52 L3, Chen e
al. (1979) Itk >TRHEENTVS. LEMDT,
Fig. I-A itH 0T, Arg—*H 2ROAAKC EAR
THRTFEZdD2 I by FY TR, EREXEKRL,
CNERZICHB L TO 21T ThD, SBHTIREER
oMb, peEENBiEnold, Arg-H %
AUEAHEE, REBENOMIcIMYATLT, BE
BAEICERDAThB C LA RTRTTH 3. Bk
AT BBO REAP EETLI0T, TOEHE
3, RERIEALBOLZENBAETH . BRHAEK
btk dtic DNA #H#oRTThHsoic, BB
BLORBAKMRCDE>BHEEZEL 2, BEE
RH 3.

Fig. 1-B jtR& 1 2 et ki O B IR R EE DS,
140~240 A ofiBlics b, THERD O BEHIED
2TW3. LHL P » UO2 I EDESREA 2
vickb, ThoORBER AR BT REEZY
50T, BEBEAA VEBRLBOT ALY LERBS
F DX 2{HEA A 53, DNA E#OAMIcs
T2y o8 PO~ BEHEAL, BEENE B
XETCHE b RN 3. LaL, Ishio et al.
(1978) »EBESTRLEZE S, KEENE, o
BHREICH L TREANBRRDATNIZOT, KE
SR ERE S A BRI, TFIRRD ORB B TH
BRFTHS. TOEMELT, HEBH (nucleo-
granules) {3, Table 2 iz RT Lk Sit, EHEH 140~
300A DfEMiIcH A% RbkNEBIcd % L THD
AEh, FBRKR (strings of beads) L7z 2BEi,

b, BENSUKEEN LRI S. Hic Ok
HEEEh, 80A »5 204 okSDRiEMT
7. 0A okasokicl, HEENIT:MIEsHh
T, FaL DNA D2ESHAZDOHDES.

COBRWER IS Th AN © EHE Z—nonhis-
tone EHE TH 5 T &# Rizzo and Nooden (1972,
1974) OB H > MM T % 2 Hi—histones DL 5 ic
BE#EAFTHOIIIE, REOREER LA LELX
SIRAZY, xS TELRIRO DNA #HiH
Euhil, BEB LS KRR 5.

Pauling (1960) i xiid, DNA HiiodEi-o
3%y YBo | BED o HFES), O-P-0-C-C-
CoREsiE1.11A £, BHEEMESTONEE
2L BT 3/ Bo 2EEDO FEFEs, N-C-C-N-
C-CoEsi7.43A L¥Esh?. DNA LT
HEESS T, Fig. 6 iwRTX e, #y v BRER
o PO~ BE7 3/ BEEOMS NHy* HLHHN
&4 &5 KEFNT 2D, BEAEE#EST
DHARICREL, HREE 4094 ogdhiHilE
EFTENC Ebhd. chictLT 140~160 A
BoEROKEOEEILTH S KHEER TII, DNA

By B2 By
| | |
C
0 p
O SO U S U SO N S - A
~0-P-0-€-C-C~0-2-0-C-C-C~0-P-0-C-C-C~
] " ;
o H o B o H
NH3 gt gt
| | !
K R R
t e e T b 1o
SN-C-C-N-C-C-N-€-C-N-C-C-N-C-C-N=C=C-
B o& kA b & b b h kb b k8 ok ok 8

Fig. 6. Probable chemical structure of the
microfibril with the characters of Pbz*
unstainability, template activity for trans-
cribing to RNA, capability of forming
nucleosomes by pairing and the thickness
of about 20 A.
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WHE T0~80 A OBBLEAEFTZ0T, DK
73 DNA ##4i3, Fig. 6 it RT L5181 4 vFELHiC
KOTCEOEEHATFLREAT LRI RETH 5.
LiL, 2o DNA @@, slaMidaht, £<
Bt hil, COBERBR LI LM, BELE
HicHATH 5. KILEA~D Arg-*H o lRDAA
i, RSB ERNOREBATTR DN, KERN
TRBEALAROLOR, Zok>BEHIKED &
MEhz.

2. REBARMRIAANICR SN D Pb* JEREHD
i

Fig. 2-C 03I FHOKAIZ S < REAERIA
VOFREERL, Fig. 2-D 0 3 BHOXAN, &Y
w FIIEEE RERO BRI VO IEERT. %
foo C, D &b, 2EHORAR, REABERIA NV
oME Lic Rbh 2 Pb?t el METEIES R
7. 3ZHoXHE ALK MiEmicAs>h3 Pbr 3
Bt OMMMEAE RS, Ch 5O Mg Pbet
CR LT i Ta D, B 20A Braxn
v, Tho M DNAGEE LTI, Y vBo PO~
Hid, 2ESHADONISHT 20T, Pb* JEg
EHEEHRELEO. Tz, TORMENEREL, D
5 &3 hud, COO- iz &id, Watson (1976) s
BRBZXHCHFO NN HE, Pt LHEALE
WoT, Pb* okt 2Rt LEN. Ly
L, O, DNA Bl Arg  Lys i
BUEREOEHS T Figo PO~ Bt FHON
B NH* B Lo 14 v FEENLTO 5N bD
EThid, Po? g At & £ OEEN 20
AThzcemkisBcs 3. Fig. | KR e
HABoRER LD Arg-*H 0 | biAsd 2hik
XTI ThB.

3. DNA ¥/ > DNA B0 B

Poz+ Jeivm ik oM mEME DS, DNA Bg & ZHE
EHEAT oD, DNA HPLEHEE#HITFOR
I eFERS LTI, FOoFHORDT DNA
2ELHAIREYG, N-H-N  O---HN Lo %
RoEESHAREEOURSEC SRR b i
. UL»L, DNA B EREABE#STERASE
T3 P-O~HN* 04 # V5o o8z, HiBok
ERELSOK LY B b lie, A ziLF—
{3, Watson (1976) AT 2L 5, KEHE D
ZhEEDLSANSL SO E TE &3, Lizho
T, Pb?* JeyvEEl ORI D4R I3, DNA 8
EEOEEHAST 5 BEN K FHEs O I TFRT

W, UL, B9hicHilEBE{ DNA Big», &
BEEHATEEEBEL >3 &5, DNA #H#4
b3 x Mz E N icit, DNA B8 oARIcES S
i 25 icdk & PO~ BEic, M NH* 2 6oC, B
BHEEMES T 25 # VEEETE 2 BRFTH 3.
H2A, H2B, H3 10" H4 0 4 53F D histones i
ik, &7 3/ BBEER 9 EEEL, 19 EMEE
BT/ BEETHS. HEET I BRERSEEL
T2HEENSNTWERE, Zotho | HRELEY
B PO BEFATERY., 20k 573 HEY
73/ BEERE I EEEL, 88MII 150 PO,
BiiEATE 2. HEOKEERT 1/ BREROHT,
Wilkins (1956) 2R & 3 i, BloFo PO~ &
BATE2b0bEELIZRPTHS. RicAH, T
DA REHDL SNTS, BiclEREoKkzR

—

l\
J
A

Fig. 7. Configurations of the microfibrils
arranged side by side in the supercoils of

an unmatured chromonemata. These mi-
crofibrils seem to be influenced by a certain
torque twisting them in left handed. Be-
cause the radii of the curvatures of their
loops can be 75 A or so, even though their
radii of the curvatures can be estimated to
be 409 A when their chemical structures are
regarded as shown in Fig. 6.
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COXHLEANID, HENMKZREATIOTH
POESBDi, Port et oMM, B
BARAERIAVOHRT EDOLIREE L DA FN,
zn% Fig. 7 iR 7.

Fig. 7 » 5, BL Tikds Pb2+ et o fi
WML, BEOIELL, WFoX>icRiL3. T
hooiitodT, DNA B L BEHEESS T,
Fig. 6 iIRTKHUFHTRATEZEL HRN I
EEiR, BOEST A2 ARIICLT, #ERE 409A
THHITIBATH S ER%kiILB~E. UL, T
h 5 OWFOMAHME D fiFEE L, Mh T5SA BT
b3, LIzMo>TCDRE, ToliMticid, Ardh
BEHHATHB LB Lrd, Cohid, DNA
EHEOLE%EX 2B HAZREE, 2otic, HENM
KEREAOUM IV EThiZ, EE5FRKRELZHRY
HoireTH 5. FHic Wilkins (1956) = 5Lk S
i, IEEET I BEEOMS NH,* 2, DNA #
#Eo 250 PO~ BHicEhoTHAT S LTHIE,
DNA oiENH OKREESHIN S hddic, —F
Offd PO~ NH,* fiofEaotifah s &L
BEThH2. PASHAELEY, H2A, H2B, H3 %
LU H4 Thaisicis, Ao A0 EH TSR,
BHEOKESOEVEZRTTHE. THhOLIDER
DOHicEDT, FHo PO~ -NHy* Hjofkeidt]
Wrah, BOFOEAEZTM 150 PO~ BEEiKE
i,

DNA Big4i, Vinograd and Lebowitz (1966)
BIEHETALSC, BY VBP0 5 REBEORE
A0BHEER DI DIz, BhohEELRHZ &M
BHATHS. LichoT, DNA @t EE S RN
i, HEUHAERSRBELCRETAS S KIFEQ
BRFIckDIIRTTHS.

LU, DNA @@ flic, PO~ k& NH,* &
ENLT, BEHEOE#HFTHEATHE, Cofs
koo DNA BgL, Rhicd LT, Sl ic d
LEBRELEZEVZEL, RhONEERZS 28H%
BBITIRTTHS. LdDT, CORARNES
RS>, o DNA B#EOLEE SEA
Mg 3 Lk, £4, DNA HEMEOKEREE
T 2R3 CHs. COREREMD B DI, RD
KRERER AT

S AR Ehoh R E L 3B A >0, DNA
Bt BAEKE#ATFHHRE L TT S 3 RF O
Mol REEAREHEE 2 EHT204THs. EHES

A

clcle

Fig. 8. Behaviors of two rubber strings
observed when they are twisted in left
handed by one and half revolutions after
the bundle of both ends was made. A: A
huge coil with one and half turns in which
two strings are kept without detachment.
No sharing force acts on two faces attached
each other. B: Left handed revolutions of
individual rubber strings brought about by
pulling both ends of the huge coil of A. A
certain sharing force act on two faces
which have been attached each other. C:
Directions of induced torques acting on
individual rubber strings when a certain
torque revolves the bundled rubber strings
in left handed. D: Paired Ioops produced
after the B is relaxed.

i, MELEAKO 2RO A%, EhiS5 1P
HEL T, LHicoAS v 7 28D, FhES%E
AL BRIEL, 2K0D o2& OWRE i
%, —HmEEEL, MEElSHEsEk Z2of
B, 2KR0 44t Fig. 8 ART LS,
BYZ D RKERLEALILY, TAMOEETZEH
i, ToEToRBERSL, HOMIKMEDBNT b
Btz LA, UL, 2OWEELEA S|
D3 &E, BRART LIk, KEUBoEARMEL,
Z20RbYiIc2RKOT L HIZCILRT LS, £hE
hES& i LSEETE. Lizs>T, HET2EHD
MBI @< ¢ LBHATHS. T, oA
Bicmx ohisihiHBY s &, DickTeoe, &
42 O O—tOMAETER L.

T OEEM» 5, DNA BB EEHS TS
Thid, R0 DNA B, Ehoha2Eia ik
NEWHRL, OREABLELEESORhONER
B, BREHEZY, ThoohsED ik k&dh
i, EENMAREAVBMSh 2 C EXHR &L
7.

Seic, Pb?* et OfEMHEIZ, DNA Bigdic
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BHEHESES TS A Lcbo &L &
7225 ORIRHED D 2D HRLEIIRE W)
VT EDD, AhdBNTVECE, LbEost
A, ThoOmAMED, DNA HEcEAEEH
DFBLHFEESLLbohoFEHE N D ETH
i, 535 RANTHET L, TAMOERLS,
BREDOHIRNELRABZNETHICEMBMERS
hiz. FEic Arg-*H 0B 0A»ALIZ, CORFOD
WoamiMe 2, DNA BigH E RABHEMD FOBAKT
HHEBEMLUTFRELENWC EE2EL. LbL, #
MRS RBIC Z5THIETIRTEZT Ao T
B, b, ZoftEnd gD S b0 1R
Marmur et al. (1963) i X 7* Bremer et al. (1965)
OHRICAONE XS ic, RNA ~OEBDDicE
BELTOBE®EETLCEMEHSNELELRE, T
DR Bohizz Lkl s, £57hi¥ DNA &
#4753, DNA Mg 2 D OB@EBRsh LR
539 Th 5.

4. Pb* JERGHMMMMMD RNA AOEKBHE

Fig. 7 iR 51 2 RF-OMMBHELR TR © K
$EG TSABONSBHDTHS. CORDOARED
ik 4T1A LEEsh, WEVIR MSA LHEEh
%. ) vEBBED 0-P-0-C-C-C nExiR 7.11
A, 7i/BBEED2ESD N-C-C-N-C-C 0k
X1 7.43A ThB. LiHoT, WAL 3454
i3, AED D 471 A othiciUATE 5 dipeptide 2
BEo¥ s AROEY) v BREEE NAT 2 IIERY,
WFNHOBREY, AR»AMIo—FEEDECER
TERD. LE2T, ZoEAKORNAAKELD
T, free ORBOE RS RNA ADEEHFLEOR
WEfizE LD, #BELTOMEEZRT 3FTHS.
ZOEAEEND L i, uridineH © BhiAs%E
BEAA ~ 5 V%5 BT Y, TOHRE
¥ & uridine-*H Ik RIBICIDAENE T &
MU L. UL iEdggEo Lic oAz hlon
ES3hIZPRELE LD Ei, EEICZOLET
RNA sk hnnid, Pb2t joxdd 2Egeitidsk
bhazrl, BY:AEnsz uridine=H k> TD
CONBZPHTFRERTEFZC bbb, BRIE
Lz EAsKBEL 7. LML, Littau et al. (1964)
DOWRICE 5 h 2 T iR oMbas 2, Hay and Re-
vel (1963) DRFREIcE T2 b A4 BFIEO # ak
KR 513 RNA ofERIHAE, Pb2 £ U0z i
Ewextl, EREHTHLCLEEFERTNE, Gyro-
dinium sp. OBRNIKA N2 Pb2* L Etais

O MMM 3, euchromatin O/NHALICHNT 2 &
DEBEMLI b, Lhrl, chidboT
LT HRPROREE & kg b 2750,

5. WF@ Pb** It OBMREEMEN S nucleo-
somes 3 L T* nucleofilament OFZEK

Fig. 2 ® E 33XV E' i3, BvahkERa A4 VOE
KuEWEERT. O34 VOBOES, 80~100
A &b, Olins and Olins (1974), Kornberg
(1974), Baldwin et al. (1975) ¥ X' Oudet et al.
(1975) I k> TH%L S hi- nucleosome DER &I
PLTWEZ, coafrolkic, 20A Bokso
BOBBNZRZBLCEET 208003, BFH
i ZzoXkEh s, DNAESEEHNTES. T,
ZDOEBOHD BHIE X, Baldwin et al. (1975)
DichE FEE B it & > TR L /- nucleosome i 5,
bh3 DNA 0 BE L XPUTVE. Lo
TZ DR ARERD 4 MOKTHE I nucleosomes 55
20, oS4 11~15{ o0 nucleosomes 5725 &
o LR X 5. Finch and Klug (1976) ick>T
R & iz nucleofilament =70 EEATHIT,
Z X nucleofilament OMETH 2T Eh¥ 3. L
fedo T, TORMBEROREINRICR SN RE
Sk DE&R2 A it nucleofilaments T&H b, Table 2
AT XS, ZoRMHIZ, MHhdoT4~61H, &
H6~8M, KibDT8~I12FD nucleosomes H
RS EMALMTHS. Fig. 2-E ioRank i
mid, BE ic BoAL nucleofilament 0 & DTH
b, BoBROLOLEMESILS.

¥/, COER2A VvOEE,S, BEICEFH
U, K&k 180 A Bogmioiciy, Port e
HONFOMMBHENR SN Z DT, 34 AviiE b D
nucleosomes ¥, ZOWTOWMMML SO bh
L EMBHATHS. %fz, oD nucleosomes {3
nucleofilament ~EZfhF 2L bHAETHZ. L
e M2 T, WF OB IRES L T BEEEH
£Fi3, Dubochet and Noll (1978) #Rd & 517
nucleosome cores izZ kL, Eahic 24D DNA
HEREH LD, 2hdo cores ZRVEL 3T
5%. bLZOPWERED DNA Bcia LTV 3
BAEY, SF4EMEFERK, H2B, H2A, H3 Bk
o H4 » 5755 histones &3 hif, nucleosome |3
WF OB OREAICEDT 2 N30T, nu-
cleosome core (¥, Kornberg (1974) ofsfo kS
i, (H2B, H2A, H3, H4), 0o 8 &k L2134
b5,
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L2 VOHBRE
R4.H3.H2A H2B. H4.H3.H2A.H2B.  proreins such as histones
+ 3'+5' DNA are bound to P04~ groups of
DNA double helix, transmit
t,ct *
g,:g' gs: > + a left handed torque to
this DNA helix and separate
+ it -into Protein-DNA single
5'+3' DNA
) strand complexes with free
H2B.H2A,.H3.H4, H2B.H2A.H3.H4., pages. P
H4.H3.H2A.H2B. DNA polymerases bind to
3'4+5' DNA 1 DNA H4.H3.H2A.H2B. the side of bases of DNA
polymerases et and synthesize new DNA.
+ N g'*gl gg: New DNA binds around
deoxyribonucleoside > mother DNA.
triphosphates
deoxyribonucleoside DNA okazaki
triphosphates aza ragments are
P polymerases 3:*5: DNA formed and polynucleo-
+ * 5'+3' DNA tide ligarse connects
.5753' DNA H2B.H2A.H3.H4. it with long DNA link-

H2B.H2A.H3,.H4,

ing to nucleofilament.

B4.H3,H2A.H2B,
3'+5' DNA
5'+3' DNA

+

H2B.H2A.H3.H4,

and

H4.H3.H2A.H2B. H4.H3.H2A,H23.

. 3'>5' DNA
395" DNA T +
5'+3' DNA 2 53" DNA
H2B.H2A.H3.H4. H2A,H2B,H3,H4

Protein binding separate
daughter DNA which twists
around mother DNA,

The driving force comes
from nucleofilament
formation.

S s =

H4,H3.H2A.H2B.

RNA polymerase chooses
3'+5' DNA alone and
binds to bases of DNA
synthesizing RNA.

2 yst paa pﬂyt::ﬁase H4.H3.H2A.H2B.
2 3'»5' DNA
+ - > 5'53' RNA
ribonucleoside
triphosphates
 H4.H3.H2A.H2B. H4.H3.H2A. H2B,
2 3'+5' DNA H2B.H2A.H3.H4.
5'+3' RNA +
+ —_— 2 3'+5' DNA
1] 1)
) 513" DNA 5 13 DNA
H2B.H2A.H3.H4. 2 5'+3 RNA

Proteins bound to DNAs
form nucleosome core and
5"+3' and 3'+5' DNAs
bind together forming
DNA helix which is bound
around nucleosome core.
m-RNA is liberated and
nucleosome is formed.

Fig. 9. DNA and RNA syntheses conjugated with the formations of
nucleosomes and nucleofilament,

EES e WTF OB D > nucleosome H0L 5

hazedE, Zokd>HHET

>hzethid, BRIhd core OEFEME,

D1z L HESEEYIKO VT,
histone octamer jz—%%4 3 Z

ERATIDOEERING. Lih>oT, Pb?r o3t
LTkt 20 A Bok X% &0 WF OB MM
{2, DNA Hgi L BHEEHS T PO~ B L NHy*

nucleosome s> {

HRERKRHE SIS
EmS, ZOBEL I

BEALTAL A LIZbDEBMICLICKD,
Z @ nucleosome DAFRHSHIAT X,
EOEEHSTHRILA 2 oS icE2T2Hickd
Lcboh, EE2oRWONEBRIEZTZC LK
LoTol bl bDLHENTE A,

Rizzo and Nooden (1972, 1974) iz X hiZ, Gyro-
dinium cohnil %, Peridinium trochoideum D% NICIZ
histones 1FEEEHE LD T, nucleosome pi:

DNA ## i
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Ricid, BRENS—2LOEENT I/ BEGDC L
ILNETH 3 hi—histones TH2Z KEIRLZHLEDiC
HZ3. %71, Bic Table 2 tR/RLE&S, BEE
TR OWE H SHNEThiE, DNA ##i, BHEO
E&Hichrb 5F nucleosome E[EBEAHREENRD
Bz Eibhr b, zhso nucleosome £  KE
Bk (ANg.) 13, Fig. 4 ofBiRA O ML ik Rdh
3.

6. DNA Mgl FizD< ohic RNA OBt

nucleosomes i3, WFOWMMME» SO b1 3
DT, TD1Ep DNA B@gEicol 587z RNA
OMERIT, &3 1A @ DNA Bigens H O %

FBRT R LI EDITRENZIRBTTHS. Ll

RNA otz 5> DNA EExto BERRE ik
3 RIG#EET A Vv E— i BDTNIWRTTES.
Lieso T, RUbiz® 24 L T, RNA O
BRERLBVWETTHS. 2oL >4E, RNA o5
LB DD, BESORRE, RIGERYIZC
ORIEEPOBRASNZ T EBRETHS. KREWK
RIGHERYY, DNA E#E 0NN ELE 25k
AT 3OS EN 5T, nucleosomes iz &1L
4%z &it, hybrid RNA o#pisr%a{td 201
MELHEEh 3.

7. EXBhoRaEHBA0RYAZODE
DNA W#HOBEEFKRBEESUMODORER

Ak, BEENG, REANEICERLT S nucleo-

filament OEIE H» o WU 3 kR 5I28kShH, -

Fig. 1-B icRash2 &S5 ic, Rapifichss 2o
THET 52, Fig. 5-B it R+ iREER (ANg.)
I3, nucleofilaments OEIOMiIcR G, BLY
BROAIICAVAATNE, BKEFROZ ORY%ES
Hid, BiET 2 BB ARIEO nucleofilaments DF
BEMIKSES h, REBENEF RS> TR
Sbhitbi#lshs. Tubb, CoORKES
hzfERkoBER 2 &, Z2iciy DNA o&gs
5 (RF.) #3854, Ishio er al. (1978) 0
Hhd, COMREBPBETESLIEN IS,
Lal, #oARikcid nucleofilaments 344 B
hd, BERAR SB) BELIhEKEYTHL. o
Bkt i, @G0B EBEFR (ANg.) % @3
TAIEHRAR SB) LELb0THY, HROBDI
BAwX>THN, DNA @it odbnLish 330
T, BHE®D core 2SRV EMBBATSHS. T
hb, HRIKBALERE (Chl) BERTLE
HEMRBRICLDT, core OBEEM MANES

NI EHEBTH 5. Mg dE, CORBEERD
BAEAREBER, BSEHO LS ORE/MYk LD
YR — AT, Chen et al. (1979) HRT &
S, TREOLLLRIPIVFYTRHREETSY
HS—LTHY, BRI, SERESBALTHS
hoTh5.

Z DX 5 ic nucleofilament D iEHHE C L iT
Ric@ L EAMEbN S C Eid, nucleofilament @
ERIELHEEIHT CLE RTRTTHS. T,
COENI, EROXI>KESLEDREhOHEEDT
WRRFTHE CoEEEFORENLOIE, nucleo-
some core % Ey b %< DNA #H# D% %55, Baldwin
et al. (1975) HxDEFNRRTLIIK, LEEBET
v, Eic Finch and Klug (1976) 2573 & 5 ic,
nucleofilament O oA L BSEBEXEBITEN, =
BicklRz 202 bhd bOL#HASNS.

SEEBET 570, Fig. 9 iciz aucleosomes
B LU nucleofilament ORE &Ky T2 DNA B
XU RNA Ao RIGHE#gERL .

= #

BWEHICE S 5 Gyrodinium sp. 2RV, HEH
¥ & nucleofilament ¥ ToBvE K OMMEEE DL

b Eh D OBEEOEL AT T WL FEER
C ROBYTH 3.

1. RNA Amoi-%ic, DNA %845 DNA Bigy
~EfbgDicid, DNA #Hghic Arg L < Lys
REUCEREEHI FORAVLRETH 3.

2. ZoBHEOESIZ, DNA #Hifo DNA B
HicRENEEZLZRENERE T 2.

3. ZOBAEIMEATE-DIE, BEERICE
F1558) &, DNA BHEFBERRD» OB BHsE2C
LUBHBETH 5.

4. BHHEKEA4O DNA B OEESOKZEED

tlricid, ®RAE D EESO RNOIBBETE

5.

5. BHEREAD DNA B0 2Kkolo [ A i
RNA ~oEEBfEEEL, €0LTAKEh: RNA
DORLHERICIE, 5 1 KX0BEAEES D DNA K
P &k ZEENOHBNERRSSETHY, 2ok
SicL T2 bl #d nucleosomes ~ 224,
TAHLEMBHRETHS.

6. BHHEBRETESHRO DNAHMIEZ 2550 &
BEHHEEASO DNAGHEEBEAERAOOBMPALER
% 771%, nucleosomes I k¥ nucleofilament o &
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Rick2>2T2L 50 5.
7. nucleosomes ¥ Xk7¥ nucleofilament o EfK
X, RNA A% 50z DNA AR E#£B LT 3.
ChODERPDS, BRICEITE—FD histones
OFMENRBIEEINC LMBBOEMLTH 5.
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Summary

The present authors investigated the incorporations of Arg-*H and thymidine-*H
into the nuclei of Gyrodinium sp. in Dinophyceae which is the most primitive eukar-
yote and were able to take the electron micrographs showing the ultrafine structures
of these incorporative sites.

In these nuclei, nucleogranules which are DNA double strands with the radii
of curvatures from 70 to 80 A are hardly bound with Arg rich proteins, but chang-
ed to be bound with the same proteins when stretched by certain pulling forces
through chromonemata extended from nucleofilaments in the chromosomes. The
reason was attributed to the almost same length of both atomic arrangements of
O-P-O-C-C-C (7.11A) in a sugar phosphate of the backbone of DNA and N-C-
C-N-C-C (7.43A) in a dipeptide residue of the backbone of protein, consequently,
to the easiness of the formation of the ionic bonds between PO, and NHs* groups.
Individual DNA single chains can not transmit any torque, because the single
bonds such as those of 5/ carbon in the sugar phosphate possess the nature of
free rotation. But these DNA single chains bound with Arg or Lys rich proteins
can transmit the torque by producing strands. Through a model test, it was
confirmed that if DNA double strand receives a strong sinistral-torque - after
such proteins were bound, not only the right handed strands of the resulted com-
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plex (P-DNA-DNA-P) are unwound, but the hydrogen bonds of the base pairs of
this complex are splitted. The divided complexes (P-DNAs) can be Pb**.unstainable
and one of them can be active as a template for transcribing to RNA. However,
it was confirmed that a couple of P-DNAs again combine forming nucleosomes,
consequently, liberating RNA synthesized on one P-DNA. The necessary forces
for stretching the DNA double strand of nucleogranules to the state of a slow
curve and accelerating protein bindings, and for splitting the hydrogen bonds of
the base pairs of the complex of P-DNA-DNA-P and inducing the formation of
a template P-DNA for transcribing to RNA were confirmed to be generated
through the formation of nucleofilament. Therefore, both DNA and RNA syntheses
were concluded to be conjugated with the formations of these nucleosomes and
nucleofilament. Therefore, we can say that the new roles of a group of histones
have been made clear here, since the behavior of proteins in the nuclei of Gyro-
dinium sp., the lowest eukaryote, are very similar to those of histones in higher
eukaryote.



