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S1 Genetic system of the chloroplast formation in Euglena

Yoshihiro Tsubo

Department of Biology, College of General Education, Kobe University, Kobe

The concept of autonomous inheritance of chloroplast seemed to have been substan-
tiated by the finding made by a number of workers that chloroplasts in algae as well as
in higher plants contain DNA whose biochemical and biophysical natures are, in many
respects, different from those of nuclear DNA. However, very important problems are
yet to be solved. Is this type of minor component of DNA really genetically functional?
And how does this DNA correlate with the nuclear DNA?  We do not yet reach a definite
way of approach.

The chloroplast system of Euglena gracilis is particularly interesting. Irreversibly
bleached (apoplastidic) cells fully survive when green cells are treated by various chemical
or physical agents such as ultraviolet-light, heat and streptomycin, etc. Although each
agent would have its own specific inhibition site concerning chloroplast development, the
production of bleached cells would consequently depend on a common mechanism. Most
plausibly, once the replication of chloroplasts, but not of cell or nucleus, was prevented
by any agent, sooner or later apoplastidic cell would be segregated from green one upon
cell division. This fashion was demonstrated in our experimental system using sulfanilamide
(SA), one of the newly found bleaching agents, which interferes with the synthesis of folic
acid. At a sublethal concentration of SA, cell division compeltely ceased and, when this
was followed by a very gradual recovery of cell division, an increase of the frequencies
in the appearance of apoplastidic cells was accompanied. Really mean number of chloro-
plasts per cell which was counted by fluorescence microscopy was diminishing in the recovery
period through cell generation to generation.

Addition of paraminobenzoic acid completely recovered the SA-inhibited cell divi-
sion. Therefore, the SA-inhibition in this case was the block of the folic acid synthesis.
Folic acid is a cofactor for the thymidilate synthetase which catalizes the methylation of
deoxyuridine monophosphate to form deoxythymidine monophosphate. Neither thymine
nor thymidine was effective for the restoration of the SA-inhibitited cell-multiplication.
But when deoxythymidine monophosphate was added to the above mentioned recovery
period of the experimenal system, not only cell division, but also replication of chloroplast
recovered faster, than without added dTMP. In this connection, the bleaching occurred
in the SA-inhibition would be based on the elimination of cytoplasmic DNA which would
control the chloroplast formation in this alga.
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S 2 Characterization of chloroplast DNA from Chlamydomonas cells

Masahiro R. Ishida

Research Reactor Institute, Kyoto University, Kumatori-cho, Sennan-gun, Osaka

Suggestive evidences have been reported of DNA in plastids”?, in mitochondria®
and in the kinetoplasts® using histochemical staining, radioautographic and biochemical
techniques. DNA-like fibril in chloroplasts was also observed by electron microscopy®.
The genetic analysis suggested that certain characters were controlled by the extrachro-
mosomal gene which might be contained in chloroplasts®®. However, isolation of chloro-
plast DNA from cells by the biochemical procedures could not be successful until 1963.

In 1963, we succeeded in isolating the chloroplast DNA from Chlamydomonas cells, and
it was named “‘satellite DNA”. Furthermore our studies revealed that the abundance ratio
of satellite DNA to nuclear DNA in the cells of this alga was low, i.e. 3~5%7. The
presence of such extranuclear DNA might give rise to the following problems; 1) Does
chloroplast DNA have genetic activity? If so, what kind of character is determined?
2) How is the duality of both nuclear and chloroplast DNA’s from the biochemical and
genetical points of view ?  3) Origin of such extranuclear DNA.

For dissolving these problems, physical and chemical properties of chloroplast DNA
from Chlamydomonas reinhardi were studied. For the extraction of chloroplast DNA, cells
were disrupted in the W-medium by a French pressure cell or grinding in a mill, then intact
chloroplasts were isolated by ultracentrifugation in 0.5~2.5 M discontinuous sucrose
gradient at 25,000 rpm at 2°C for 90 minutes followed by the differential centrifugation™.
DNA was isolated by the Marmur’s method® or phenol method for the subsequent analy-
sis by CsCl-buoyant density  ultracentrifugation. For quantitative analysis, DNA was
extracted with hot N-perchloric acid and determined by Dische’s diphenylamine test®*®.

Amount of DNA was 1.2 107" mg per chloroplast. However, CsCl-density gradient
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analysis showed that intact chloroplasts at this purification step were contaminated with
about 60%, nuclear DNA. Therefore, DNA content per chloroplast was about one half
of this value, i.e. 0.5x 107" mg. This value corresponded to about 9 x 10° nucleotides
according to the calculation of Gibor and Izawa'’. The experiment on hyperchromicity
showed that chloroplast DNA was double-stranded, so the number of nucleotide pairs
will be 4.5 10°.. Assuming a triplet code for amino acid transcription, these nucleotide
pairs were sufficient for coding 1.5 X 10° amino acids, but this value contained nonsense
codes as well.

UV photogram of DNA in CsCl buoyant density obtained by Beckman Model E
analytical centrifuge showed the main and satellite bands. For base analysis, separation
of both kinds of DNA was carried out in CsCl-buoyant density in SW-39 rotor of Spinco
Model L at 18°C at 33,000 rpm for 66~70 hours. Base composition of chloroplast DNA
differs from that of nuclear DNA, that is, GC-content of the former was 39.39%,, while that
of the latter was 62.1%,. Density of the DNA was 1.720 g/cm® in nucleus and 1.702 g/cm®
in chloroplast.

From the phylogenetical point of view, the following regularity on GC-content was
found, that is, GC-content of chloroplast DNA from such the algae as Chlamydomonas,
Chlorella, Euglena and Porphyra is distributed in the range of 30~409,, while that of nuclear
DNA ranges from 50 to 65%, viz. GOC-content of nuclear DNA is generally higher
than that of chloroplast DNA in the algae. In contrast to such relation, GC-content of
chloroplast DNA from many higher plants such as Spinach, Beta and Tabacco ranges from
40 to 509, which is rather higher than that of the nuclear DNA ranging from 30 to 409,.
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7> —2EDL 5T, fragment T GC DF
EVHLNETHQ
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Genetic control of biosynthesis, transport, and regulation in the nicotinic-acid

metabolic system in Chlamydomonas

Kazuo Nakamura*

Department of Biology, Faculty of Science, Kyushu University, Fukuoka

Chlamydomonas (3 XHHBMBDEY TH 2H5, £OD
MR EZY L, BEORZBCEI R EORTEEN
CREEEYDL OTH %, Chlamydomonas 135 BEH
WCHEREC &, BCBTIREROFERZE L E DEFROH
EDBBESHT, EREEEGHENERCELN, &1,
WD FIC L ABIBFVERETH 58 EDOREE S -
TV, ULbd, HEECOMAFEDOEZL 2RAT
A (DT, protocaryotes [TISWTELNITHEYSE -
DFIR % eucaryotes [CHIRT DI HL TS, L
12255 T, Chlamydomonas (XML YZE EE L
OEBZ RIS T s AMEMED 1 2 TH 5 LA L
5. COBELLEEDGIL, 4XFOWEERNT, M
BE T I NIOKETOBE TR TRES ERR %
Chiamydomonas [ISWWTHFT 5 L & 28 AT,
namide BRI Chlamydomonas WIS\ THE: b SEEICE
ONALEREED1I DTHADT, COEX 3 L DONRH
R BRORACHEAISHRTH B,

CO¥ST, 48 D H3 Chlamydomonas eugametos $>§
SyHE LTz nicotinic acid VBRI ONTI LS »
T2EBRV D% B 0MZ U T Chlamydomonas Y855 D—v %
BALTD,

(1) REEREE  RAREPRHEUTELNIZI2HRD

nicoti-

nicotinamide EBREEFEML, FAERM & ORE T
TN 2 20DWERT 43T 22D, TRENE
—DBETIRE > THERE B> TS, IRHDE
BEMHEOLE2 U 6T & LA EWICESGFEFEDIL
5 DOBETFE, nic-4 (48), -5 (5%%), -6, -7, -8
A bh, FNFND centromere b5 2.4, 3.7, 3.4,
36.4, 3.9 units OFEMEICH A T b -T2, nic KR
B & LG AEORED b B b NICEEERR LI
THRBEEREL BHRLIZE LS, nict BI nic6 22
BT B/DESHC quinolinic acid 7213 nicotinic
acid 2HE > T EBF UL, nich, nic-7, B L ¥ nic-8
2 E MR nicotinic acid ZFIHT X 595,
acid 2RI TESWV. BETE, NAD E{REEIT
$UVT quninolinic acid %> % nicotinic acid ribonu-
cleotide %589 %@L, KICRT L IKIZ15D
BERGIC LA EEZZILNTNE, EELD B EE
i, COBEBTHEOPITEL ST IEEORERTHE
%3 A RAEOMARGHHFET 2 WEEEERORUT
W5,

(2) WERRZSEL : nic-5 2R EMEIT nicotinic acid % F|H
T X, nic-6 Z5FFEIE quinolinic acid F 7213 nicotinic
acid 2F[H T % A3, spontaneous (TR Iz mod-1

quinolinic

_NAD
TRYPTOPHAN 7 N
! Animals DEAMIDO NAD
| NICOTININAMIDE
| Neurospora RIBONUCLEOTIDE

| Xanthomonas pruni

NICOTINIC ACID

QUINOLINIC ACID ————»RIBONUCLEOTIDE l

T
21 Plants
Bacteria
GLYCEROL

+
SUCCINIC ACID

NICOTINIi ACID«—NCIOTINAMIDE

BIOSYNTHESIS OF NAD modified from Ishimoto, M., ef al eds.,
“Metabolic Maps,” Tanpakushitsu Kakusan Kohso, Suppl., 1968.)

* Present address : Department of Biological Sciences, University of Lethbridge, Lethbridge, Alberta, Canada
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A, F1z, mod-1 OYEHIE Catt, Mg+, NH,*, K* ig
EDBA A L >TBEINS, LD mod1 i3 nic-5
& nic-6 DWW E S WLEARIT/E {, centromere >
5 274units N TWABETFTH 5.

(3) FHHIZER : 3-acetylpyridine HLHibk & UTHBES
NIz apy-1 ZEPRIZ nicotinic acid (7213 % DL
B TR TR D 8 5L R L TR AT gy
W B, apy-1 I AFTHOD nic WET & 3 W7 BROHE
SEEARITIVBIE TG, centromere p> 5 16.0 units #E
NS, BEERORTE2TREBT S apy-1 DIEFDFE
HIZ DU TiX quinolinic acid AR O E >
ETAHEWBW,
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BRMEEET, WREET, BICABRETRON
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2 BEDOEERY 2D 5 ERTE T HBETIEROM
W2, 351, FENBHEEDUMASEDTHSS,
¥ 1z, Chlamydomonas 38T % phytoflagellates 13
SHBEM~OEDOFE AL NBT 5 DEEA
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1) Nakamura, K., and C.S. Gowans, Nature, London
202, 826 (1964).
Nakamura, K., and C.S. Gowans, Genetics 51,
931 (1965).

3) Nakamura, K., and C.S. Gowans, [J. Bacteriol.

93, 1185 (1967).

4) Ebersold, W.T. Science 157, 447 (1967).
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FERET apy-1 % & OHifEix thiamine & phen-
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Mating type gene and the control of its expression in Paramecium

Koichi Hiwatashi

Department of Biology, Faculty of Science, Tohoku University, Sendai

Katsunori Sato
Biological Laboratory, Miyagi College of Education, Sendai

Paramecium caudatum D¥-EFNI N E THIGO T
%3 DRI NT—WORILBELETIRE - THEREI DTN

*BER  REREREBEETEEMER

T, BUNTBEFZS 12 d OB—HDOET, Hikk
T OBETFHEEZ SO OB ORIT/E>TWVA, CD
FERCAWTIIRDET % syngen 3 TBWTH, —
FORVIZ+/+Fid+/mtV TGO V i3 mtV/
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mtV Th s Z &35 TreFE L1z (Hiwatashi, 1968).
—fC mtV/mtV OREFE R § DEARIILETDH
295, +/4+ H1013 +/mtV OBETREE b O UIE
VE+BETORAVBLREETH 5. OBEREHT
CER, +HEBFORENIHING L mtV/mtV &
AUBBRRICIELEThH-T, HEEEEZODE DY
B2 2 2D TR,

bbb COBRBEETFORIAVED X 5 BERIT
IoTar e —A3INTHE0PRERT L2,
BRI+ BETORRORLE/SRHTH S d2-95a &
WHBRR RV, COBRBETRIEX +/mtV THA
P, +EEFOFRED, BEZHCL - TEBLCL»E
HHRENT A3 DOTHS, COMIZ1IH1IELED
FHERFIOEAL S CHEBEROBER22 br—- L
THHT S LBEARIVITHBETSHERT A, 18
0.5 B FOVEIRME 2 5T 5 & 5 WHEBRER
AL bir—- 35 EEARRIECVThH-> THEETF
DOFEBEBIHIND, U UEDEEEORBTHERS
NIZY ORESHUAFOBEICD T EELTEARIX
VIiKd £5, §72b5 +EEFORBEOIHIITHRET
b5,

bbb ETESHURETHEBELTWE Y Y ) 4y
P BOEBREFINE FEFELEO RBCB LI & &1L,
VIO VOZEED E 505 REFICEINTO 5%, 1]
BOMEP A e —~DEAZUHBNB L EICEL ST
ERUTC, O S 3 MIa S I E R A
HHERIOMIE2 X {PE->T, BEREEK Na 7DD
LOBIUTKREZSAILE D) Tris-HWBEHK, Dryl
W (BREERICs = By — &L CaCly, 2H5A77%
@), Exhausted medium (V' Y 4 2% DFITH %
Aerobacter PSHEJET X700V 3 E EBEDDOHBEL DL 3N
NERR) SECETE, BERVIND VAOLEILIZE
FERFCHBLTEHNIZE ODIRIERTH I ABLNS T
EW O o T, AR OB 2 5 - T 24157510 8
HEIAORBERD LECER LT Dryl icB LIz 3 0k
BeoTE#, S Dryl Wi Az DIKHA~TH 1 AVI
S>VOEBE» 512, DL 5 IR ARERD L&
OYERIZ25CTIIR O N A VI0CTIEA S ®IZE ST
Rohizwn, 2UT25°C, 10CE iz Ui b Dryl
BCBLUIEACBZEIR DN S o1z, DX 5 72EH
ERVI>VOEILT s b b HBEGEFHRROTEICER I
DB ORI DVERT 25 5EOREERESES L
TWALERERT A,

LD EZHIHRHT A12D1, VISVOELHSED

IS4 e -tk > THIEINE R ULNTR
7z, BEREHOEOI Tz, b b, WEEE
B> b A A AEN O Dryl JiTX (&
DUTHED, Iz 2 2033 T—HREREORER
LEEDryl e R 1 LICEREI D, AR EEED
BEEEEE 4 e R —RE LTI Dyl iE %2111
WEHI b DI L, 4B RIHICHETT & § Mfg% Dryl i
THRY, DEEHEAER FX TS, ¥ Actino-
mycin D OfEfl % # 5 &, 10pg/ml 24R$RHILBED & O
BVI->VOELS I A TIORL B {h, NEIX
4 BEWRFRAAE 100% VICE{LL TWADIT, LI
FRIZHERZE-TH 2~3%UHVIKIEH W, BE
PP S A B &, Spg/ml 24BRT 2 H, 5Spg/ml
6HRIMIE T 5 1 HOBESALNIL, TD4 e
X —D X LHIEN TN A IERY b#E AT ¥itRNase
DIEE%2A 5L, 0.25mg/ml 4FEEMNBECEH2HD
SBREASA bz, Kanamycin, Streptomycin, Guani-
dine-HGL 72 &2 § LD VI>VELICKT T B IELEDS)
BTy b icps, Actinomycin D % RNase JLHRE
Z L 37w, UK UTC Puromycin % Cyclohexi-
mide CI3FEA EERDEY b9, Fiz 2-4 dinitro-
phenol ® NaN; 23 -> S h U HREED LN T
» -7z, Actinomycin D OYERCRICER L2 DL
TNHVI->VOZEALR IR 2120 Clslic, —EVIT
ZEUTUE 5723 ORNET 5 & —FFHITdH A HVIIC
R32LETHB, THROLERICVILIE>TUE-TTH
Ja% Actinomycin D 10g/ml 2458217725 &,
AT 3 HZIC10~20%03VIic  E -1z, L L
BEFTACERLIK1I~2 BTHEFVIRELLIL.
D DERED L, BEARNEBEBETORREBEDL ST
L b E = INTOBEBRDNTO 1 2ORFH2 BN
THA X 5. Butzel (1953) Taub (1963) 1z X % &, Para-
mecium aurelic DYV VHW % A group (T/Ed A syngen
TIR—LOBRAGHMER Y 5 —HOEAEYMEOLEY
BThaEVWIZBATAVHINTVS, INEWbYs
pure-type stock DSEIC—FOBESRIC UMEHININT
L%, two-type stock ([CHURHRIS & CHRREE 2 FL
g% & puretype stock DSEIN A CORFHINT
L, two-type stock |3 pure-type stock TR U THE R
THATEREDEHER § E-NNTWA, Paramecium
caudatum IS TIREETLO—HFHEM, 5HHHER
SCBIETICL - THRE SN S T &bt gs, Bk
BEFCL > TXRINHEEEIIERICBR L EFOR
BEERTLONTTCL ADEHLT, HESTDH



BEAROEBRLBD TEETH S &1 5 BEIL P. aurelia
DEAIBETOEMAE LALTVE, LT LES
BVIES VOB 2 BE L UTARINB LELD
E, BENTBEFFBCOSRKRIERa Ly hu -1l
TWABETTHAEEZEALLNLS. LIZW-TCZ DM
BETOEEPIMHINS EVISVOBIWB LA THA
5. LBOLERVIIBEATEI % b DR GER D i
B COBEFVBENTN A, d2-95a DX 572 R%E
ERVITIERICA>TUIED 5 & COBEFD
BEBAFHINTVI>VOENLBBL Y, FiENH
HETHIET 5 L COBETREIUD»LHEL LW,
itz Actinomycin D DVERIZ C OBEFOME
AZIELTVWADTHE5%, dbUZSIITETAHE
Actinomycin D %Efl 3 ®7-BAICIE VI>VOZLIE
BEINIZTTHAVBEIHTHS. TIELNE
& > TEEBVIORFEZ VI A DL EWTEBET
DAV TIITER, UTzdi- T Actinomycin D (3

S5 RABYMOAEFRRICEY 2 RE
= % B %
REAFBYEHYEHE

YYRYT A 11

BARERTF EHOBEFOERZMH LTS EEL
HBEIZ5ThHAH. b UVIRHOREELRE & &
EISRHEOLB NP EATERTF RN O, BAEE
BETOB X 2HFHTHEMA%2 b S ICBETOLMNIZE
BT 5 LHACIEFEETH S, EETHNERIC
& 5 EVIRBLIOREE 80 5 TEBEABEET &35
AOBEFICL > THERINTNA C & 2RERT 2558
BALNTWA, TOEETF2RIC Even-type inhi-
bitor (EBEEARIGIEET) &£F5L, d2-95
DA e -2y SILRHKETHH-T, TOA4
xR EFHEETEELILE 30, ERHCA-T
L@, cOE X% Actinomycin D [Tk - Tl
ABHEA v EE =@M ELIsY, BABBERTCH
T AIED ENTVI>VOELEIHE ah, Ve
ST H DERVIKES. CORBPELNDPE 3 DIIVIE
BOEE ST & RREIERIF DT HERBIT L > THED
bNATHAH.

Control mechanism of the life cycle in Protozoa

Akio Miyake

Department of Zoology, Faculty of Science, Kyoto University, Kyoto

FEBYOEFERCS, oH, BE, BFRAHE v 2
MER—HY 2 b, RE—EEEERY, SERELD
OBRLND, WIHTBNT S, HAREOMED S
HFU, BEND 5O EENO—BEDE 2RI,
BAE X PREBIRE 5.

TTIRE L OBEFEOFEEHY T, Hix O 2 ELL
LOEFROWSNTE W B TEPRLNTNS,
Bz, VoV &y Paramecium aurelia OFIZICIZ, 4F
N, BE, BREHEOMNTS FE AN &5
M, ZOX5 284, b 3O0TEEOVWShE L
AX 51T WE INAPRECEEERICLA3OT
HB. Tizbb, REZENITINEINEL, Kok
REXHOT TR BREH 2TV, RSO REmest
OTFT CHEBNSHAROMEIHMT 5 & XIS 2 &
TEST2, ULhL, P ardia OFREIETIDLS
ISRABIC D A DU T3, #E8% 2 SR THM 2T
A&, RAM—RR—ZEHO—EOBER2ETIHT

T 5, COM, BREHCHEZTSWELDR, Z
nEN, HAYPRCBONTNWS, 55T P. aurelia O
ML, 29%, BREW, BERTSVEL, EE
WfE & OHIfER & EEROMN 21778 5 IR B
JUOMMERICL>TEDHON S,

NGO HEFERIERD B2 #5533 DTE &5
A3, T8z OFIfEH TN 6 # o DEBEH DA% &
200 BEZBETEO HECRT LR TRV,
100% 7 & O lEh> & HiFE UTcMilEER Of T e b3
NTDOEBRPERL T8bN BT H5. #o
T, ZOBBCONWTE, ) BEFEEIIEZBEGRS
W, HAViE i) FAUEEBEFHEOMBOE TRETD
B XHCHHEPET S, LEDOURELEZELLEXTH
55,

HE ORI RS N A b LR e
B3, FCRVERTRHOMEOM TRETOB X F I
HEPETAERTH S EZAONTNEY, BEEY
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DHETER & A DEBRICK T 5 A LOBEOHERE
Er@EDE, chidil) OBAH2IR/TAEOTH
25, FNREV Y ) &y OBESEET OWTITEbi
TWADIEDRERD i) OBAHLEILA->TWVAEDY,
AL, i) OFBAFMVELCETE, EEBY, Ric
BB AERRICY 2 B ET R RS oo
WRERREELONS, Z2OHEL, HEHO—HD
DT, a) BETFE, FHREOR UMEDHS i
WCREILELN, b) ThOHEFRDD % HEDE
1, BAEEES BREREZ—FIC AT FE T
%, ¢) A FARNOEBHEACRES ZL OREVH S
NTEHD, ROBEFNTER AN TEERICKT
3BT OREIRHIET 2EBBEPN TS, BETH
5. b)) wonWwTizplzid P multimicronucleatum T3
KCl+ 729735y + Ca REBREHPH60T TES
BEYKCl+720 75 +Ca REBEHE+T74 v
BREFE? %, ZNZNE—2 v, A—EEROZH
OMINT—FICHEET 5 CELRBINTN S, KBOD
M b OFEE R VNS, A B ATEIT L
25 MRROMEOELE EETINA L EWHBETH S
5.
5l B X W
1) Miyake, A., Proc. XII Internat. Cong. Genet. Tokyo,
II, 263-264 (1968)

2) Miyake, A., Japan. J. Genet. suppl. in press (1969)
3) Sonneborn, T.M., Adv. Genet., 1, 263-358 (1947)
4) Miyake, A., J. Exp. Zool., 167, 359-380 (1968a)
5) Miyake, A., Proc. XII Internat. Cong. Genet. Tokyo,

1, 72 (1968b)

et BARKME (P WE)

< 2T activation 2L\ T, EE2BCTHOM
E2 ZNZH activation U 2 & &, 605721 TR FIC
BEAEMNBLAEBEZALTL x5,
[ES =FEE GRR B

VYY) AvEHEBELUTHAFECEY S NEE T 5
L, v 2 DBE AR W60 T, HATROREE LD,
CDAREED UL S { N Te BT B ERE T & 700 IRAE
WTiE A EE L TONE T, Paramecium multimicronucleatum
PHEEL, HFOHEAND OIMUIMETLEL, B
109 H%TE O OME% 1 ¥ FHCED 5 O THES
DT EIRD B T LD o> TNETD, & - & BRH
BIEDTIHA E 573 A DIT OV TR KBRS
HYERA., HEANOERITRET - T, FBOLHET
WBBEDOHEESREHICE Y 305, BHEEL T activate L
A, —EEAELT, BEHEE 0TRSO
T, ZOEHICHHBEATERLA > TWAD TR L
BATVET,

S 6  Chromatin-elements of macronucleus (anlage) and micronucleus in

Euplotes patella

Ryo Katashima

Zoological Laboratory, Faculty of Science, Hiroshima University, Hiroshima

A recent work revealed that macronuclear anlagen take place endomitosis and lowly

polytenization of the chromatin-elements in the development, and that these elements are

the same as those appearing in micronuclear mitosis.

These results are mentioned here.

Diploid animals were crossed to amicronucleates for obtaining the conjugating pairs

and haploid exconjugants.

They were fixed at regular intervals, and stained with Dela-

mater’s basic fuchsin for the nuclear apparatus.

The conjugation includes 6 nuclear divisions.

meiosis I, the 3rd to be meiosis II, and the others to be mitotic.

Of these, the 2nd one seems to be

The chromosomal biva-

lents appear in meiosis I : 24 (2n=48) in number; about 1.5 # in length. Meiosis 11 forms
4 chromatin-rods, which are equal in size and always divide longitudinally. Similar rods

are also found in the other mitotic divisions: their number is constantly 8 in diploid nucleus
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and 4 in haploid. Judging from the data, the chromatin-rods are stabl in number, divide

longitudinally, and each of them may include 6 chromosomes.

precisely useful as a cytological tool for genetic works.

Such the rods may be

On one side, the chromatin rods

are comparable with “chromosome-aggregates” named by Devidé and Geitler (1947).
However, their opinions that the compound chromosomes are unstable in number and

divide transversely do not apply to the present case.

A hemycaryon divides twice to produce 4 products.

a macronuclear anlage, and it forms 4 compound chromosomes.

One of them swells to become

These rods become

double in structure, split longitudinally, and then produce 8 daughter rods to complete

the 1st endomitotic division.
catedly in the anlage.

rods.

The rods in these divisions behave like those in the previous one,

At this stage, the rods are V-shaped and arranged compli-
The 8 rods further take place endomitosis twice to yeild 32 daughter

The present

situation is comparable with the well-known endomitotic sage found by Grell (1953) in the

developing anlagen of Suctoria.

chromatin-elements of the micronucleus.

However, he has obtained no information about the

The 32 chromatin-rods begin swelling, and each of them becomes a “sphere” which

reacts slightly positive to the nuclear stain.

string.

The sphere then differentiates into a coiled
They grow further, and finally develop into uncoiled chromatin-cords, which

are 20~30 ¢ in length and 1.0~1.5 g in width. Several cords bear a faint indication

of the banding pattern characteristic of the giant chromosomes.

as due to lowly polytenization.

This may be interpreted

Polytene chromosomes have been known in the anlagen of Nyctotherus (Golikova, 1964)

and in Stylonychia (Ammermann, 1964; Alonso and Pérez-silva, 1966), but no endomitosis

has been found in those cases.

produce no giant chromosomes.

On the contrary, Grell’s analgen including endomitosis
Y> g g

Thus, the anlagen of Euplotes may be said to follow the

new developmental course which has never been reported till now.

| EURKE (P RE)

1. By 7 L ORABENERBNETH, Z20HhEE
SPHIEIEFRTIATNDEBELTTH

2. Euplotes DYLEMFET o b Y » 2 THDHDIT
endomitosis 21778 5TV 5 & SITHTL 5 VERIDLE
Hid7s A EBEZISH T,

[EIp=S FB = (LBXK )

1. ®Y 7 O—EOBLRRTIFERL, BERTH
K80 LSS EHDEH O DICBELNS, KU F L
HLBEOHEICONWT, AETEXABREOEEIIICA
LTS,

2. ADETEERYH L ARSHERIADNER
lo. BT, ROHEDIRESGREAOFTECIERTH
ESERENEET 2 LBBRLUTVE T, HEEOR
BERREDTINTZIUE LT, EORakz0d», Zh

ELEEROEREITONRPTTY, BOLBELE
WET, SEEYEAY, EOYMMKE FRSIE, hR
I, WPREOBIFGARITH 5 E 5 »OBREHISHIT
BInTnEd,

B NIAIESE (@D

WR, BegAEMsERICs vEY - ARDALTH
%, &5 Polytene |T/s-> TWL EEAZONEDIT
TEMQZHTHEMEE, Bo5hruEy—0Dfy
BWRALDTTH?

EiE=3 FB &= (REX )

REFE T 54 3 O £E5LEED ROZN A5
N, ZOBREEOZHKENBL S XS TT.

=L FER L
Fravsmey— s HEFINBEN, HAEOERH
HRIH%BER 2 T SN 2B Z AN,
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=B KB 5% (REX )
BWHAHCHERT 5 P 2o=Ca. 48) LHRT
WTH LD AYEEY 2n=8) OLE»E, #E%

HSHARBECHE UL, BHEOBGER, BaNBieh

THEAT T RS- Te b ORHNEEZEREL LTz,

S7T FIrIEAFOREBIO/NEONEEE ZDBIZIEE
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Isolation and properties of DNA of micro- and macronuclei from Tetrahymena

pyriformis

Masami Muramatsu and Yukio Twamura

Department of Chemistry, Cancer Institute, japanese Foundation for Cancer Research, Tokyo

Takashi Mita

Division of Biology, Research Institute, National Cancer Center, Tokyo

MO, BEWETHS DNA OEiLEEZ
bz I7 % D transcription OREEWE AHITL - T
Ao ans L —WIIELLN TN D, BERESED
SR BT IRBERTF OIS Y &Y —a « 2 b
o UDSHERI A EMU TV AENAL I IN, —
%, WEEOERYakO DNA puff OFE, BE
Wi UTRETO—HOEMMBFT b 5 AEEl 2 RE
UTCWA, N30y A7 b5t FORBE, B
BOMEE DET A, COMic DNA 83 3106512
BN 3. CHMWIINEY 2 2 OBE—2E3MC L 5 5 O
THhHH, BIFAPRHREY R bo o OEMI 58 OT
H5PE, INLHROBREEERFOFNEEL b A&
THERNE LA TH S TheH S BINT Tetrahymena
pyriformis var. 1 XY, ZOXK, MLEDEHL, ZO0
DNA OfricEFR U,

SedHlEDOR LY v M % 0.25M sucrose-3.3mM CaCl,
R L, RIEEE0.2~0.3%® Nonidet P40 %14 T
BIRT B, D cell lysate 225, K, IMEEIHET 5
Th% 2 o ABEPHE S, 201 ZHEBRNOROD
PMEREBADIEL 12 58T, HTEBOMEE cell
lysate I NA CTIAML, KRIRE 2.4M 72U, Spinco
25.1 rotor ¢ 25,000rpm 1205333 % & KK EHSS
HNBY, COLRBRPRHRUCKREBE2M 3L, H
U< 25000rpm 1204y @3 % &, DEROKED BE
TAMESEBBONG, O FE% 15ml D 0.34M-

sucrose [CHAE LT #91 M sonicate 3% &, KD
HOBIRATCIEE SN A DT, T O sonicate ERD
0.88M~1.0M sucrose |TEE LT 3,800rpm 204 530
T 5L BDTHMZ METEV BONSG. ZD213,

IEBRLRBRDINEER BAT2HDE DT, REOD cell
lysate % Spinco SW 25.2 (Zsi3tud 25.1G3 Lu)

2RV 25,0000pm, 105052 OL, 20 <Ly b %
2.5M sucrose (8% L Spinco SW 25.2(&k{3 SW 25.1)
rotor T 25,000rpm 603G 5. RV v MIARY
ETH%5. LEIZKT B 215M sucrose ERHL
T, AU L SW 25.2 rotor G 25,000rpm 9047330 L,

Bohiz BMESE 2 RO TR - T By
3. L UTHRLNICRER L UMD E & H Marmur
HEICHE LT DNA RHIHI LT, IMROBRIZFER A 30
DT, 7va-—-nkigeTshd, BRERLBRELD
EUz, Thp DNA % CsCl SRS i O T
DL, RKE, DEITRPMDEN S — v 2R
1203, 20— RBKRET p=1.6%, MET p=1.690

ThHh, ZOEIEDTHS, 7ah ) GOl k35
DT HRE p=1704, /M p=1698 & 2PRBDEDS
BV, ChUE—FH% 5 Xvd AEICY 3 RAEEOTHR
PO LBENDS5. PhLHFBEIhEEERE, A
BC35% GC, /&, 31% GC L7s Y, T AT-ric
12 DNA T2 edbhr b, Kb AT-rich Th 5
HZALN TN, IMER 25 THAEN DS, D



KB DOERICELT, AT-rich 75 segment OEHRIYS
WIHBT2hN 5 DTIRISWELBIAL TS -T2, R
YRV —h e VR b OBIMOREME R 5 5 129D,
10ug DNA % Millipore filter {2217, Gillespie,
Spiegelman DFHEICEEL T, ¥P TRV UTZY K—
& RNA b hybridization 21378572, Z DR RE
DNA Dfaf1i3.0.25% (DNA) /M DNA Tt 0.28%
LWHENELNI. COER TR TRNEEDT H
b, FHiICEL DFMHCX AERTHRY b’z 6w
M, e X, KBS TIIHEBEEOINCA LN S
XOBREBYRY — s v 2 bu o OEINZSNE D
EEZONS, U LEOFRIE, KB DNA PPy 2
ADH—ISHEINT X % § OTH 5 WREHICIRG T 5 3
BTN, - THROTAREE 25T 52 12DIT,
DNA-DNA hybridization, 7z& 2B NTHRER2ED 5
FETHA.

i tEER— Gtk )

DR AR =SB CHS Paramecium C sexually mature
2BENC7s A & immature Z3EEHHIC T nucleolus
DOEDIEAZS EVWIHEERR WS, KD nucleolus
W5 { DHS Metazoa (D nucleolus E[FU S DEEZ A
T MER 525, REMERHMT ribosomal
loci DEITEN D B0 E 5 PEEKD 5 DTN,
% WHRIEE (B

LOF b7 e A7 RREEICH 20T, KRR
DEAZDIEHAVD AN LA,

BRI =ZH B (BI¥Atr & -)

S8 FIrIeXxFICBIFEERVDEE
a HF 5
B K% N 4 M BF R

The role of histones in Tetrahymena

Koichi Twai
Institute of Endocrinology, Gunma University, Moebashi

v 2 b i3 DNA HEA UTEREBEHE & UTHR
XN, INZOIIWEREINTVAS, 2 brRIEL
BEEYOXTEOMBEPIICERET 205, HAEORM
OETRAPCEET AHEARERE T v £ 2 v EFE
NTWBE DY, 2 OREFRIE R INBEKED
WHEEEENEAE TH . BEEYOL2 Y (BX
e 2 y) BROEIIOREAERDBERECES

vyRYT L 15

i UTc mating type IV [ 3REFH D mating type
IIT & 1009 conjugation 3" AEESIHSH b, F4r mature
UTWAEERRBITS 5.
mE 4R (R D

1. DNA-RNA O hybridization [CBEUL T, HEN
7g hybridization P56 T > T3 LW H EEHEZEREA LN
FUIH?

2. KK E/MEED DNA > homology % DNA-
DNA hybridization OFHETHADNE UTzH?

3. Nonidet G I NI B3 AEYTEE B LERNA
BRER) 2 EOBERHFLTOETD.

[EipS WIRIESE (BB

1. Competition SEER/Z ETHED 2FETTH,
1ZR-TEBhERA.

2. INBEERDINEB->TEHET,

3. CORTEL-THEIERAN, ZHED a-
micronucleate 73 GL ZTIZR®-TEhH, Y, &K
RE2RELTVAZ 5 TY. IMA DV T FHNTAIZ
WEBATEHET.

B FMEIES (RBX #HE)

Micronucleus (D ribosome gene ¢ macronucleus
(D ribosome gene LHEULWEWIDIEE 5 WNS L ET
Lxd»?
ey WHAER CER)

FLWEWS DTIBELT, Ki& DNA fe, /M
DNA f1tHBREQHETHEET 5LV DTT.

EN

T 513, DNA OHEBEBEEHDO RNA ~DiES
CHIFICER L T3 EE A bh 05, bhvbhnid
TEHEEMTIBERT F I e A FORES oL SER
% b DHMEAEYCII e A N COFIERTERBLICH, <
757 FIRIBRNTZINTWED, Uzdi-T, B2d
ORifgiIciE e X b UBEFEEL, BOERICES LTV
EEZTHIIZITHA. b, HLLIzHIEIED
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DTIsd, F I exFDXSSHEMBEYTY, BE
BHOEM « E2d e 2 b L OEET AR UEEO LT
TN EBALHIENTEXS, 586, e XXl
- EEOHBZIC R WL o OHTEVBEIN TV EY, T
1) e A b OARMIZZ OEREO ik & BifRbDH 5
X5Th%B.

Tetrahymena pyriformis GL D X b L I3F 7 VR
DA b ET 7 BEEGEEMTIPTNEDS, Y
VoSN E= L DHIEE L, 7 OaFREIE—IEBIcH
BDLHTERF 4 27 BRAFTHL U, 35
i, AFESEROMBETCES s b rOHEN - &
B % DNA &% & O BEEIC BV TERL, MiEE
HIO&MS I 3517 2 DNA O L EEERONE &
DBFRZHLMCUL S L LTS, 23M, Zhuc
#:{ Gifl, DNA 4RO S, 2 EEDOFHEFD
G, HloME» L ELNS X b 2ED Y T 2 BRI
CHEOVEILRRLNT, 2O THEICHKETERIZ
2X%5THA. UL, vz /DNA OEEHIZ
2N FN1.04+0.1, 1.1£0.1, 0.9£0.0, 0.9+£0.0T,
G, e BBEERIBEAYD S, 35, HEEETY
vy, FIOUVHEENFNE X L2, DNA REYAE
N2HEER2R %L, DNA GO0 Gy licd ex b
VARV »ICED bR, MBEAPEFDe R b AR

iz DNA AL b DLEBACTWAEAN Roh
5. Thdpbex v /DNA BHOEE % HATS C
DT BV, ZOEHNBEREIIHSNTIWN, 1
B, 7o F w4 D G HREETSE2EED
MR HET 29, ZOMOKIICEELTHHERE

A7sw, DNA & RNASREHET A7 25/ <4

YD ERIHHHEYGRE, AU RNA SaE0H
EERIZT R b DA C ORI SN A C
L&, BEDPDIPEIDREHOMETHS. 2,
FEIeXFRBEDRF v A4 FEVEITL > THGE
fHZEZ%213%. UL LCOHBERAMYTH-T, 77
F7 24 v DORBERNER L IIBBNCES L5 Tdh
A, A7 o4 FMECRYATNA D, BITiIADS
TN, TRAVEY FREBELTHNT, BZH R
=258 1T DNA, RNA O&RPHEEL, DWicH
JE2ET 23 OEEDNS,

UEDX 51, BEEBICIeR B EETHE
TNIF I 7EEERY, LUABSEHLTNS,
NIFYFRDONWTHBL ICBEL 2O EHEHARICHE
T A TERED, FEBMEZETESHMEDL)
CEAINADRTNTESBROMETH 5. FEHYO
BEETAFEYFRINEHRIAS L LTV ADT
b5,
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1 Protozoa-community in activated sludge, its features and applicabilities for
indicating the waler quality

Isamu Morishita
Biological Laboratory, Research and Development Department, FEbara-Infilco Co., Ltd.,

It is well known that an activated sludge is composed of various living matters including
bacteria, fungi, protozoa and metazoa, and hydroxides and other non-living matters. At
present, however, there still remain a numer of points unexplained about the interrelation
of the organisms. The writer has been engaged in the ecological investigation on the
protozoa-community which appears very universally in various activated sludge and has
a variety of forms. Hereinafter is shown an outline of the results of this investigation.

1. Activated sludges investigated are about 150 specimens from various raw waters
(sewage). Detected from them are Sarcodina in 27 species of 15 genera, Mastigophora in
18 species of 11 genera and Ciliophora in 124 species of 59 genera, in total of 187 species.
This suggests that the dominant protozoa in activated sludge is Ciliophora. As for the
Ciliophora, Peritrichida is found as dominant, and detected up to now are in 61 species of
7 genera of 2 families.

2. Feature of protozoa-community

The community depends in consequence on chemical properties of the raw water,
or the community formed has the unique composition according to the particular raw
water system. Features of communities can be described as follows in terms of the com-
position of the Peritrichida.

a) Combined system sewage:

Vorticella+ Epistylis+ Opercularia type=VEO type

b) Separated system sewage:

Vorticella+ Opercularia+ Epistylis type=VOE type

c) Supernatant of digested human excrements:

Opercularia+ Epistylis + Vorticella type=OEV type

d) Diluted human excrements: Vorticella type=V type

3. Habitat segregation of Peritrichida

Habitat segregation of Peritrichida in activated sludge occurs with BOD or COD con-
centration or raw water and it has a limitting range of existence for each genus in a way.
For instance, Vorticella 50 to 850 ppm (BOD), Opercularia 75 to 850 ppm (BOD), etc.

4. Indication of water quality, etc. in terms of Peritrichida

The Peritrichida appears very universally and dominantly in activiated sudge as de-

scribed above. Based on the ecological properties of the Peritrichida, the writer has for-
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mulated and investigated on the following systems to indicate the nature of activated
sludge or water quality.

a) Based on the condition of the Peritrichida in the protozoa-community appearing
dominantly:

1) Peritrichida index ii) Protozoa index iii) PG index

b) Based on the individual number of Peritrichida, specific genus (for instance, Vorti-
cella) or species per unit amount of activated sludge:

i) TNP index ii) NSP index

Examples of the system using these systems are as follows.

1)  Peritrichida index

This system can be used for activated sludge classification or to indicate BOD con-
centration. For instance, in the case of BOD concentration, the index form VE type means
100 to 250 ppm, and O type 850 ppm.

1) Protozoa index

This system can be used to indicate water quality (BOD, COD) or BOD removal rate
(%). ~ For instance, the index of greater than 10 means BOD or COD concentration of
treated water of 15 ppm or lower, or BOD removal rate of 809, or higher.

iii) PC index

This system can be used to indicate water quality (BOD, COD) or BOD removal
rate (%,).

iv) TNP index or NSP index

Either one of the two systems can be used to indicate water quality (BOD, COD) or
BOD loading more concretely than any of the three shown above. In this way, it is pos-

sible to indicate the water quality or other environmental factors by means of the Peritrichida
as protozoa present in activated sludge.

eyl EHEE (FER BAREHERR | ml T, ZEHFOEEIIEE L
EEBRPORBBORE IR EDRMOEHEBH SO b3, (HLIZHLOBITN S BEERDB ST
T9 . monas DT & XHFFAEEH dominant species D4

e BT B (HEEA L7 103 KK pgER) IR0 BEWCRACELH D ET.
FEYEERIC K - TEI2 ) T 95— BRI 10° ~ 104/
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2 A E) OFRIMERICEE G 2 Lankesterella O[> T
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REARFHER LY EBE

Study on the nature of vacuoles of Lankesterella minima found in erythrocytes

of a newt

Twane Sato
College of General Education, Osaka University, Toyonaka

Lankesterella minima( =ranarum) 3% (K4 ) O
T, Y, ADH5RALNS B DT 1910 (T
W. Néller itk > T bULA UbReiz, BATIE
EXREBAIIDNDH v (h7 B2 H Q) TRRLUT
W5, COBEBBBER Eimerida Bz ANONTWVA
5, FHEMEATI Haemosporidia B DR HBICLIT MAERAN
HE, $2b5, IENKMERNTEZRIE»BCY,
FRIMERPUC A - T2 B4 e VOB T & - T EEKICE
HIN2EDTH%. COBe VB BEEET, £
DERNTOREOHEIEIX SV, HEZ 4 € Y ORIMEREL
OHIEEEMIC 2775 - TV A BT, LiIFUIEC OEK
ZRMBROMIBEPRIT ATz, 4 € Y OFRMERPUCHETEL
TOBFEEIZR S 16, 1@ 4 NOEEER], ZORR
Wickk, Z2OmAhc 1 ET>ORBOBEBED D % D3,
COFEBEOENEHTH S, W. Noller 37y a5
OB LIRS & 21372 5T, CZOBROAME 25
%5 EUTHS, AL LEREMITIEEL TS, EEOD
EARTIE, Wob CORBHTRIEOMATER, %12
X E SRAARDERBIZEA LN ALERTHY
AL ERERUR. MMNTOCOBEREROER, B
TOBREREOHET b FREOFEIFTIN TV,
BFHBICIEBZ b < RBIEY & U TORBAKO/MR
WHONDIHENHHH, FEHEDOA TS COFEBEDK
ik, ROBEDLBBYORRTIZEL, NS0 E
L OFEREFIELIZ.

1) COoORES,
KThs.

2) BEEAX Zenker J] OKEE®R 5 %3 H) [E7E, haema-
toxylin JUI%IC 0.5% BB 7 )V 2 — VT FpER2IT12-
TV, ZOENDO—T5TH RBAKOFERES, 1tb¥

4EYDNET 0 ELORERER

LIBRLUESL, ~EF oL BRIITTAHET H5h0
5, COBERITL > TEILBEINS.

3) MEORHREE (E&B/KBRICE 31:AH
BOEE) itk ->TEDR 3,

4) EEINTHEREIE haematoxylin 243, i d
ERYERORTEE TR, BEINARER
BITIEAHONAIMETH 5. L EORIL»E, COBH
DORTHERBANE 0 L THD EWESNS, Tib
b, COLHBRMHHNTBAL, ZEDONES DL
BEMU, ZNREILAE METE L HET
B, ~EY 0 U BERILLTC, OB E L 25T
WADTIZBWDEEZEAON S, Ti2b b Lankesterella
CHBKBD 2 DOBIIAIEAZI BT ED LM
oz,

U UEFICIISE, 2 DDEBSRBHROTTES
N5, 37805, 4% ) OFRMERNTIE, BELHI
HER2RTOWR, [y =L OFRMERN G R OB
WIZNDPEPIBETHA, I hb1EYDAE
7 e L OFBRERLDTNOD S AN, che
EERRINICEIAT 5 & &I IIL THEWN, flBD—>D
BMIIEZE DS = ) OREH (R BRIRESNE) ©
4% ) CREER DI D RAH, FOn =L (ko
S H oy, VFEHIN) WABFERINIDADLEYS
LETHAH, BHEBEEDHEHEVLDTIVDDS, &
OV DIMEOBEHH FI1D LT, FEMCH bR
WOL B AN, WL LT, EFOBELTL
HHOW, W VEEDEDEEBLIBETNEIDE
DRPIR LA TVIZN,

k72 DHUT Y2 B EIBUR 2N I I BRI E R
FEORBHEREBNE HIREBL LT3,
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3 Observation on cell division in marine Ceratia. 1

Saburo Toriumi
Yokohama Municipal Higashi High School, Yokohama

Binary fission of the genus Ceratium had been observed by Lauterborn in 1895. He
carried out the observation with a fresh water species C. hirundinella O.F.M. Though
there are works reported about cell division of marine Ceratia, it seems that no observation
of complete binary fission has been done about marine species.

This paper reports preliminary studies on the cell division about marine Ceratia in
cultures.

The material was collected from surface water with a tow net at Sagami Bay. A
single cell of Ceratia was picked up with a capillary tube under a low power binocular
microscope. The cell was washed several times with sterile culture medium and inoculated
into culture medium in a small petri dish. The culture vaessles were keptat 204-1°C, and
usually illuminated by artificial light in the range of about 2,500 Lux, but sometime natural
daylight was utilized.

The culture medium used in these experiments is shown in Table 1.

The main results obtained in these experiments are as follows.

1. The cell is often separable from single cell isolates in the culture medium shown
in Table 1.

2. Division rate of the Ceratia used in these experiments was not great.

3. Complete binary fission of the same species was clearly observed during daytime
in these experiments.

4. The onsect of cell division was marked on the right anterior margin.

5. The line of fission was not transverse but passes obliquely across the cell. This
fission line is similar to that of fresh water species observed by Lauterborn.

6. Under a light intensity of 2,500 Lux, a chain formation was observed in the follow-
ing species.

C. bucephalum var. helerocamptum Joérgensen
C. candelabrum (Ehrenberg) Jorgensen

C. furca Dujardin

C. lunula Schimper

. deflexum (Kofoid) Jorgensen

. gibberum Gourret

. macroceros (Ehrenberg) Cleve
. molle Kofoid

C. tenue (Ostf. et Schm.) Jérgensen C. trichoceros (Ehrenberg) Kofoid

7. It was observed that the light intensity was one of the conditions for the chain
formation to take place.

OO a0

C. massiliense (Courret) Jorgensen

Table 1 The culture medium used in this experiment

Sea WALET  cuiviiiiiiiiiei e 1000 ml
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Na,HPOI2H,O .....ccovvviiiiiiiiiniiiniiiincanne, 20.0mg
Na-glycerophosphate ..........c.covvvviiiiiineinnnnn.. 0.01g
B s 10g
Tris- (hydroxymethyl)-aminomethane ............ 10g
EDTA i 0.03 g
V. Mix. I* 10.0m1
Biotin ..o 1.0g
Thymine ......occoviviiiiiiiiiiiiniii e 3.0mg
Riboflavin  ..oociviiiiiiiiiii e 50.0¢g

*One ml of Vitamin mixture 1 contains: thiamine HCI, 0.05 mg; nicotinic acid, 0.01 mg; p-aminobenzoic

acid, 0.001 mg; and inositol, 0.5 mg.
4 B H L
5 Studies on the microtubules of Tetrahymena pyriformis

Yoshio Watanabe
Department of Pathology, National Institute of Health of Japan, Tokyo

In the present study, attempts were made firstly to determine whether the protein
subunits of the microtubules playing various roles are common, and secondly to investigate
whether microtubules can be rearranged in vifro from protein subunits.

(1). Microtubular protein fraction was prepared from the outer-fibers of cilia isolated
from Tetrahymena cells. The fraction contained two protein components in polyacrylamide
gel electrophoresis. The components were confirmed to be microtubular subunits, since
it was demonstrated electron-microscopically that the antiserum specific for these proteins
pronouncedly bound to ciliary microtubules. The antiserum also reacted with the protein
taken from isolated oral apparatus or from dividing macronuclei, and a common precipitin
line on agar gel plate appeared. Moreover, when the cells were stained with fluorescein
labeled antiserum specific for ciliary microtubules or for oral apparatus, fluorescence was
localized mainly within cilia, kinetosomes and oral apparatus. An interpretation may
be drawn from this result that microtubules having different biological functions are as-
sembled from common subunit(s) with the different “nucleus” of polymerization under
various environmental conditions. (2). In vitro reconstitution of microtubules was attempt-
ed with oral apparatus protein. The apparatus is composed of about 170 centrioles, inter-
centriolar microtubules and inter-centriolar fine fibers (50 A in width). Protein subunits
were obtained by dissolving the insolated oral apparatus in N/10 NaOH. Under this con-
dition the protein appeared as an single peak, S} being 3.5. As pH of this solution was
gradually lowered, oligomer formation occurred and the relative viscosity increased.
Although there was no visible precipitate down to pH 8.6, linear rearrangement of the
subunits would take place. Lowering pH below 8.0 yielded visible flocculent precipitates.
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The precipitation reaction was obviously accelerated by the addition of (NH,),S0O,, Ca**
or Mg** (final concentration: 6%, 20 mM or 30 mM, respectively), but rather inhibited

by the addition of K* or Na* (20 mM). Electron-microscopic observations revealed that

the acceleration of precipitation may be attributed to the enhancement of the lateral ag-

gregation of linearly rearranged subunits (40~50 A in width). In most cases, the lateral

aggregation of the fine fibers occurred at random ; while in some cases, appeared ribbon-

like or microtubule-like structures with orderly arrangement.

Seed-directed polymeri-

zation is an interesting subject for our research in future.

6 Paramecium multimicronucleatum @ 7} 0D BT BA% S 0T 28

fE % 3B, M T
RERFREEZEDHEUR

Electron microscopy of the trichocysts in Paramectum multimicronucleatum

Fumie Inaba and Mitsuko Hata

Department of Zoology, Faculty of Science, Nara Women’s University, Nara

Paramecium multimicronucleatum (O syngen 2, CH 323
FeHOTHRIEREBI S 2 BlaOMEME s, EALE
KXo THESEIH, EBEROFLTSBEL 2 EF
EMETBE U, BENEcEEE GRER) ©d b
0.05% lysozyme WODBFERY I RTTEV, BIEFEH
B, VvEARWTHBL, EREEETI12REETEE
U, BlReEEIe. BEAERNCIELEORES
S VLR 1285 CORA DRIBEE Uitk 2 Z2h
EN1%F 23 v 7 EREL19%E Y v 1Y ) OFEE
W(PH7.9) k=N, 1RMEEL, =&/ —aBikz
BT, X VERicEEUs. URRERY 9= -
LR THEL, JEM-T BIE T EMFTHE UL, &
WHEO BT B HRIRIEDESIZ Seder & Porter
(1955) BB EFEMETEHEL TV A X K, BifkH
EDONERER TR IN TS HATEOR 5 DR
T, BRCERICEE > Q5. BIRIBENUIZERD
RIEE, TITEE S ICAUABODORKE, REH 245
IERER & 2> 0 AR D, RIRHR & R3S TVEERE DD
TNTWD, 3512 DN 2 Sl BEGFET
5. BINIEEM Sp (RIS 2 & 3, BARODM
0.7p, BERIE & SHBUZE S 10my, SED 5 B D B R
IO OB IPELTEI0m, ThH 5, &
TR I3 RO & B s, &{ki3 Sedar & Porter
OBEUBTEEOENEBEREE £ Y, BN
EITHE Y BNEFEE 2R T, BRI

BRT DS, LML AKITIZEIL60ICE DB I HFHAD
B B b>72 FRAUREE (RS 30~50A & BAEE10~40A) 23
mEING, LO3L, BHMiEEARLT S DI 44D
1HALEI2 D, 205 HERAO 2 AERBCOWTY
AESRAA,

EREORS SNIEEDORENETCEZEOTHRI
DN (B 01y ADDBEIN, NEEFTLZLN
MNE TN TS, BlREA SRR b Hlicad
T EDHEES,

1. JRERE | 352 2 IRORKIT, FE» L 10~
30x ONEMRIT, FE (B3 10mp) ZhEh, WE
BRI E TR SNIIEERE (8 0.1~1.3,) DE
HEfanZ  BEINSG. Ok 5 BEERIIRNSEL
DORBEOREIC  BEINDD, 2BEBRICETCSD -
TZOT, FEC L h BB WU DL EALND,

2. FUBKGRHD : A% 4 BREORKTIE, AEDHIER
HTH 5 BTEED DLEWIY REROHOHI B
b s, FEEBOERMEAL, 20~25u4 T4 5
2, BB b REREONRONELBLUTREL, i
ROEH 0.6p [iT/s 2, ZOREHE ST/ b FiER
735 & <1 | A

3. HIEMEH  REROBEIZ 20~25p LTI RE
DB, AEORITILIEARLT 09~10p 12/ h
BRI 5. 2 DRICAKIIBETRE DRLRENE
EERNHEDRRET, NAEDRBIT LML 3
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4. FEHH 1 JER & A OB EICERES R
NIEUD, BRI & O TR ET 2 L5
2izh, KEOIEE NEOETEREDEHELUEE
BEins, BEREGEEDPD 3S~Tp OFEREEIT
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NUEX DHMA%EE - THEBL TV,

5. SEARGHEH] @ EEREAEREROER MBI
WTSEREBIE 2%, FEETHR 6 R O REIC X/ TeA B
BOs OPREEUTHEINIIY, FH% 8 MU
IR EPSERCEIRE U TR S,

7 Trypanosoma gambiense J; (¥ Trypanosoma evansi ¢ kinetoplast |Z 353 73

p-rosaniline %hE

—RFICE T BAMEBEIC & B Bl —
¥ KR IE Z, /b
RKRRKEWBESFEFETR IR R

Mo N BB M

The effects of p-rosaniline on the kinetoplast in Trypanosoma gambiense

and Trypanosoma evansi

—Electron microscopic observations—

Shozo Inoki, Yoko Ozeki and Tadasuke Ono

Department of Protozoology, Research Institute for Microbial Diseases, Osaka University, Osaka

RNV —<BDFF TSR (KIL, KEI3HH
MUT, BRHEERRD, DNA 287, ozt
FULT298%235. LH»L, BROREIZBNTEI
FroE, KEROWIESR (AK) BSHIRT 523, FHI
BEMEC L ->T, AK 22BICEHRTH LD K
5,

19535 LIS, AR Z ORRAFFEEICL - T, FH
RERTHEH SIS AK RUFHO BB OWTH
TANT X1z, 4ENL, BTEWE® AT p-rosaniline
(p-ros.) itk 5 AK RIS 5 FHEOMMEL O
ZleonTEELUI, FERUCEREE, 7. gambiense
W. p-ros. BdEE (W.S.) &Y T. gambiense W. p-ros. i
ke d, T.evansi Jp 8 AK B T. evansi D AFETH 5.,
BRUIZ ML OFRE, B~y 2h 5 ERUIZ MR
BFEHRTHS. ZOKIE, EFRICISOTIE, b2 F
) 7D 2ERE(F A PS5 X MR ORCHERET 5.
COFFMF72ME (KB 3, KROBEHEL (log-
phase) L b &, ERHUEHH (stationary-phase) DJHICIE
->XbhERLNA, X pros. fEFE, stationary-phase
Bik b &, log-phase i Db, $75b b, log-phase
REIC pros. 2w A DAE kg Hh5mg (5mg/kg)
THEBET 5E, FEROKIKES BRSO,
stationary-phase [EHZI3 9 mg/kg LI EOMETIIUD

T, KREMVGREDLDNS., I oARRRTE, T
stationary-phase DB BT 10mg /kg DUE %1752
to. FHHR vy 2OMmK & CEEL, %, ik (2,000
rpm 1543) CIER & 53X I ER DT L CRBEER 2 L.

T. gambiense (W.S.) 1T p-ros. 10mg/kg 4 FERNE %
1755 &, BCEZYBED 6T, KOATERI A
bNs. Ti5b b, KOMRAEDIICHMEED electron-
dense 7Z/NMBRBHEL, KESHEL TOSEABSEE
BINT, CORREDEICA LA SR, pros. B
Bz OB L > T, MREICE 2UESERCIE -
HDDISTHA, MREE TDUTELIZ ML
i, KOEBOMBIECE > THIONT, %k
S>TZHOERD AK BlE 8- THLNEEDEB AT
W5, T. gambiense W. 1%, 7@ AK BUjFEd3, AK
BOMPBEBONZNL E»D, HEERRSRAESZZD
N5, ZCT, pros. Ttk T. gambiense (W.R.)
CIRREDILE 21372 - 125, BRO & 5 7sfRIA DR
BFEFE SN, KROWKEIRESNN, X pros.
DOBE2 H\J T (20mg/kg, 40mg/kg, 60mg/kg) 4 K
MALE 2R AT, KED BEROHE 2B,

—75, T. evansi ¢, T. gambiense (W.S.) &REREDUL
BR155 &, MREDERIIBD NIz, KEDOH
KRB LT, KT FEEOMEIZEIC L > THE
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UlzeZZbh 3 AK RUFHRTIE, KERIC electron:
dense WREFRO/NEDIA DT, X AK B T. evansi
B (BEATRBCRASN TN D) 2BETHRET
% &, Ltz d O EFRRE, KRR electron-
dense Z/NERDSA LT, Fbb, T. eansi O AK
BT, ERBEMSNTERE TR, KPTRTHELT
WA HDEINTVIY, BEBEEICK-T, electron-
dense 23/ NBEOFEEE, KIEROBEEMNAED LN,

P EDX 5 SBEBERRE» L, pros. KX ->THEHID
1z AK BUFHROAR &, KEOERE & O BEEE
BhHrEoBbhad, —F, 75 REBRITL-
THHFK NI AK BFHROBETE, BEHAKZKCI -
T, MRED DNA DR K Z OTERENELZED
bNAY, KIEOERT A CEPBULNTVA. BRA
Y T. gambiense W. G, 3EARD acriflavine 2k 5 AK
RUSAFERER & | UM T B R{T/2, BETEEL

7205, KR D KBUIRER U MR O RBIIZE(L (pros.
DOEEEPZYES TN D) REETH T EPHKI.
Tz &3, pros. Th, acriflavine TH AK BUEMH
PEHEFKT AT HERTH, BENCHNT BT 2
L, ZOEABED, LREHESTHWATERRLTY
HEWALD.

B BAIEZ (R D)

1. T. evansi OHFEH: AK B3 DNA % &icfHR
BELRERL Tu 503, kinetoplast JEd3H%. £ — b
St 7 4 —TH5ELDEEEY T DNA K&
O RNA OARMBE-TWRNHLWL, HoTZOE
BEOMEEOHIARETH 5. BEKBRE2 ST
Scrapy virus BHEIN TWVWAHD, TNEFHLUTHE
H3dh 5.

2. COBEBRSZFMAL T prosaniline THEEDIE
BERPERBLII EEATNS,

8  Detection of aldolase and alcohol dehydrogenase in Trichomonas vaginalis

Nobuo Kawamura and Kosei Tanaka

Depratment of Urology and Department of Dentology, School of Medicine, Keio University, Tokyo

The presence of aldolase in Trichomonas vaginalis has already been reported by Baern-

stein and the present authors also demonstrated it by a biochemical method.

In the pre-

sent study an attempt was made to demonstrate the localzation of the enzyme by a staining

method with nitrobluetetrazolium used by Nepveux-Wegmann.

In this method, the

reaction product is water-soluble and some investigatiors believe that the reaction does not

always indicate the localization of the enzyme.

However, similar results were gained by

the polyvinyl pyroridion method and the activity has already been demonstrated bio-

chemically. Therefore, it will be significant to demonstrate the localization of the enzyme

by Nepveux-Wegmann’s method.

Aldolase was mainly localized near the surface of the cell and also around the uncleus.

The localization is clearly different from that of dehydrogenases such as succinic, malic,

lactic and alcohol on which the present authors have already reported. Those dehydro-

genase are mainly localized in the cytoplasm apart from the nucleus.

The presence of alcohol dehydrogenase has laready been demonstrated cytochemically

by the present authors.

Its activity was tested biochemically using DPN in the present
study. The results are indicated in Tables 1 and 2.

The control (Table 1) and the test

(Table 2) groups indicated a definite difference and the presence of the dehydrogenase

activity was demonstrated.

It is not yet clear, however, whether this enzyme is working

in 7. vaginalis cell or not and what meaning it does have.



Table 1 Control group
Exp. No.| Start | 1 min | 2 min | 3 min ( Differ. [ Unit
1 176 176 176 176 0 0
2 151 149 149 148 — —
3 141 140 141 140 — —
4 202 199 195 195 e —
5 195 196 196 196 0 0
Table 2 Test group
Exp. No.| Start |1 min | 2 min | 3 min | Differ. | Unit
1 115 115 118 121 6 0.13
2 201 206 206 211 10 0.22
3 303 312 322 328 25 0.56
4 135 140 139 140 5 0.11
5 246 248 252 256 10 0.22

—B@EE 25

The figures indicate the absorbance in the photometer.
Experiments of the same number in Tables 1 and 2 were
carried out with the same material.

9  Trichomonas foetus 5 4 R — A DREHEICE T 2 B E
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On the refining of Trichomonas foetus ribosomes

Masato Furuya, Noriko Maeda, Yoshihiro Ito, Yoshikazu Oka and Humio Osaki
Department of Parasitology, School of Medicine, Keio University, Tokushima

Trichomonas foetus DHEM10"2 DFEINS ~ & 2 2 FEIT
Eo U AP, HM10° aCRIRELT < v 2 IIERY
(10"2) T/ T ERZRT. ORISRy
DALY A 2 my — 22T HRTETHD,
IDCHBERERIZIS A Ky — 2 CRET R LEZLON
5. O [FifadE ] SRERR2EBHT 512D 4 x
V= s OB E Z OIS EBBETH 50, Fdsuvig
KBECHN LN ABEE TR F A4 F v a -V b
y v & (DOC) iz & - T RNA (54 8y — 6fE
EEZOND) OEIVELL, NERHEIh TIN5
SARIERR, Uk (260/230mp DR ) &8
TFEMBFRREY B U1, 20T, O)EEHhD
Mg** BEDBE, (@2 bF 4 FOWRM, )T, foetus
Bk HER (MBS v 2 HOSE) Ov 4 say —
LB UTOFIA, X b ESBREICKI 5 RNA D

BERZHEL, 3517, Wy 2EHEIRBROYEE,
CYEERRIC L AT 4 &Y — ABERP OB DEE
PHEALUTHS 4 RV —apb 54 RV — L ORI
Az,

Z DR, WEQDEE, v47n Y —sBH(ImM
Mg** % &) O DOC M5 RNA OAIFEHR~
OBFRMAS C 3R oT, TEWMA DN
72 RNA 3= 4 7 uv— o> RNA D#I60%1CH4
U, B4 RNA 2EZBIQONTS HEhD5 48y —
LHED S OV HAERBT LI DEEZELLONGE, —
HED T. fodtus Bk FFEWR (ImM Mg* »2&ip) T
w4 7 nV—s%EE LT DOC BRI -1 55,
RNA OTEEHBITIZFEE20%BECHA S C &%
2. COHFN B EBFHERO SBA AL X580
», HLFEZ s DIERITE L § OPTONTEREL
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T3,

S ARV — ARREET AN, v ERE SR
BOMICEDZ 9 RNA 81 1O DTEF
FEMREENNT 3 BEMEN I EALIRNS 4 FY — &K
WRiBs T EDHEIN, T OFEIGIEE MES DA
THRCHE S, ILTEHBDOFETIRE -T2 54 KXY
— LBBA T MRS o, 7 CTEDHERHN
TENE2EEXE 10000xG, 10450OFEMTE > TH

BEMERRNIC. COBERDOENBBIRE1.8~2.0
Thh, BEIBHS 4RV - rEEUTHREL TV
1.6~1.7% L% 3DTH 5. 3L BTHEME BE
T, TOHD 1.6 D DTN Y OEEEWEN T 4
RV — ABERACED SNIZHS, 1.8~2.004 DTIXLT
NOBIBEAERONS» -T2, U EDORRED b R
WD HD51.8~2.0D 3 Dix T. foetus DFEBLS 4 &Y
— AEELE UTHEEBRCEIT AL DEBAS,

10 A Sarcocystis species found parasitic in a whale

Shinkichi Akao

Department of Parasitology, School of Medicine, Keio University, Tokyo

A large number of opaque white string-like structures were found in muscle of a whale
by chance. They were arranged parallel to the muscle fibres and varied 10-20 cm in length

and 0.5 mm in breadth. By light-microscopic examinations, it was found that they were

Miescher’s tubes of Sarcocystis which contained a large number of banana-shaped organisms

measuring 7-8 # X 2~3 u in fresh smears.
their cytoplasm was highly granulated.

Electron microscopic studies were made on these organisms.

In stained smears, they had a nucleus and

The nucleus is situated

at the posterior one third of the cell and is surrounded by two layers of the nuclear membrane

which has a few nuclear pores.

Two conspicuous bodies are situated anterior to the nucleus.

One is adjacent to the nucleus and has a membranous structure like a crystae of mito-

chondria.

A similar structure was reported in Besnoitia jellisoni.

The other is situated

more anterior, round in shape and almost homogenous in structure, and is located in a

large vacuole.

These structures have never been found in Sacrocystis hitherto reported.

Mitochondria, Golgi complex and endoplasmic reticulum can be found.

At the anterior end, there are a polar ring and a conoid, just as in Toxoplasma, and

these organelles constitute a mouth-like structure.

In some specimens a vacuole which

is located posterior to the conoid and is connected with exterior by a tube-like structure

can be seen.

This figure may indicate the presence of pinocytosis through these organelles.

Sar-

conemes, extending backward from conoid to near the nucleus and submembranous fibrils
extending backward beneath the plasma membrane can also be seen as in Toxoplasma.

Two types of division were found. One is the binary fission which seemed to be

longitudinal.

The other is the endodyogeny producing two daughetr cells in a mother

organism. The former seemed to be more common than the latter.



—MREE 27

11 Effect of endoxan, an anti-tumor substance, on the growth of Nosema
(= Encephalitozoon) cuniculi

Yoshimasa Kaneda
Department of Parasitology, School of Medicine, Keio University, Tokyo

Most of laboratory animals are very often infected with Nosema cuniculi and their in-
fections are mostly latent. It is well known that Nosema cuniculi when inoculated into
peritoneal cavity of mice, grows in the macrophage cells. The highest population of the
parasites is usually obtained about two weeks after the inoculation. Even at this time,
however, the number of the infected cells is very small and it takes much time for micro-
scopic examinations to find out the parasites. The infected macrophage cells decrease
in number gradually thereafter to disappear sooner or later. In the present experiment,
endoxan, an anti-tumor substance, was tested to promote the growth of the parasites. This
substance is believed to inhibit the protein metabolism, and consequently antibody pro-
duction. A daily dosis of 1.0 mg of endoxan was injected intraperitoneally, starting at
the time of inoculation. The population of Nosema was estimated by the number of in-
fected macrophage cells among 500 cells in the peritoneal fluid. When endoxan was
given for 4 days, 6 days and 14 days, the number of infected cells was definitely larger than
that in control mice at 9 and 12 day periods after inoculation. When endoxan was given
for 3 days before the inoculation, the number of infected cells was not always larger than
that in control mice. These results clearly demonstrated that daily injections of endoxan
after the inoculation of Nosema cuniculi definitely promoted the growth of the parasites in
the peritoneal cavity of mice. As long as endoxan definitely promoted the growth of
Nosema cuniculi, it may be effective for the provocation of latent infection. As stated above,
Nosema cuniculi in control animals disappeared from peritoneal cavity mostly within 30 days
after inoculation. These mice, which had been infected for more than 30 days, were checked
for the absence of this parasite in the peritoneal fluid and injected with 1.0 mg daily dosis
of endoxan for 6~10 days. The parasites reappeared in the peritoneal fluid of mice after
they have once disappeared. These results indicated that the provocation by endoxan
injections seemed to be possible in some cases, but this procedure can not be available for
the selection of uninfected mice for experimental purpose. Experiments were also carried
out with HeLa and L cell cultures in order to determine whether endoxan pormote the
growth of the parasite in those cells. Endoxan was added, 2 mg in amount, in culture
medium starting at the time of the inoculation of Nosema and was kept for 48 hours. The
growth of Nosema in control culture cells was not recognized in cultures inoculated with
a small nubmer of infected cells, but in cultures inoculated with a large number of infected
cells the aggregations of the parasites in culture cells were found very often. No significant
differences were recognized in the number of infected cells between experimental (endoxan

added) and control (without endoxan) cultures.
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12 Morphological studies on Nosema cuniculigrowing in mouse peritoneal cavity

Hisakichi Matsubayashi

Department of Parasitology, School of Medicine, Keio University, Tokyo

By the effect of endoxan, an anti-tumor substance, to promote the growth of Nosema

cuniculi in mouse peritoneal cavity, it has become possible to make an electron microscopic

study of this parasite. The general morphology of the spore coincides with that of other

species of Nosema already reported.

The spore wall is made of 3 layers, the outer and inner layers being very thin and the
middle one being about 100 my thick. The polaroplast extends backwards to the posterior

vacuole.

The polar filament forms 4—>5 coils around the posterior vacuole and the filament

itself is caomposed of outer and inner sheaths which is filled with substance and does not

look like a hollow tube.

At the center of the inner tube there is an axial fibril.

The proliferative forms were found in the vacuoles of host cell cytoplam. They are
fuond adhering to the cytoplasm with their one end of the body, as if hanging from the

cytoplasm into the vacuole.
membrane is indistinct.
not detected.

They have an electron-dense large nucleus, but the nuclear

Mitochondria, Golgi complex and endoplasmic reticulum were

Various stages from these proliferative forms to the mature spore were found. In

these intermediate forms a tiny polar filament, having no internal structures, appears first.

As it develops, it becomes larger in diameter and makes a coil at the posterior part of the

cell.

The cell wall becomes thicker gradually and completes the spore formation.

Dividing forms of trophozoites were found. They are elongated in shape having a

constriction at the middle.
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Estimation of the number of parasites contained within a cyst, and growth and
distribution of cysts in the brains of mice infected with Toxoplasma gondii

Ichiro Motomura and Toshio Nakabayashi

Department of Epidemiology, Institute for Tropical Medicine, Nagasaki University, Nagasaki
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On the variation of pathogenicity of Toxoplasma RH strain
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Living-cell immunization against toxoplasma in mice

Yoshihiro Ito, Masato Furuya, Yoshikazu Oka and Humio Osaki
Department of Parasitology, School of Medicine, Tokushima University, Tokushima
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