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STUDIES ON THE ULTRA-STRUCTURE OF KINETOPLASTS

OF TR YP, 4NOSOM, 4 CRUZ/ AND TR YP, 4AIOSOM, I GHMB/LA;SE

BY AUTORADIOGRAPHY AND ENZYMATIC DIGESTION"

YOKO OZEKI, \IARUNEE SoOKSRT, TADASUKE O\O and
SHOZO INOKl

Department of Protozoology, Researclt Institute for \Iicrobial Diseases, Osaka Eiji\ c . 't}.,
Yamada-1<nmi, Suita, OSal<a

(Rec"ived Feb, ua"y I, 1971)

BIKE\10LR\AL \. b1.14.97-118,1971

UMA. IAm' The ultra-structure of Ihc 1<1netoplasts of I^JPq, 10so"IQ ci'!!$1' and 7'1'\,-
pa"OSom:I gin^61thse \\'as studied by electron microscopic autoradiograpl\y coin-

bined with cnzymatic digestion \\ith D\ase, R\asc or proteases. 11 \\. as rcvcalcd
that the kinetonuclcus consists of D\A, R\A and protein.

Treatment of thcse trypanosomcs \\ith p-RDSaniline in \, it To, resultcd in 11:1 nlcnta-
tion of the kinetonuclcus and disappearance of Ihc 1<1netoplastic cnvclo c incmbranc
\\'Ith formation of a non-viable akinetoplastic form. Thc fragments of kinctonuclcti.
contained RNA and protein but not D\A. These facts su CSt Inat Ihc cn\CIO
meinbranc is essential for \, lability and possibly also for syntllCSis of kinct(I lastic
D\A.

INTRODUCTION

HemoHagcllates of the family Trypanosoma-
tidae all have a self-duplicating body, called
thc 1<1nctoplast, \\, hicli is a part of the large,
single milochondrion (Steinert, 1960). 11 is
composed of a double laycrcd envelope mein-
brane containing the 1<1netonucleus and is 10-
cated at the base of the flagellum

I This won< \\ as SLIPported in part by a grant in aid
from tlle kilnistr^ of Education, Japan

Parts of this \\, ork were presented at the 3911t An-
nual kneeting of the Japanese Society of Parasito-
log5, in OSal<a, on April6 and 7,1970, and at the
4tlT Annual Aleeting of the Japan Society of Proto-
zoology in Tokyo, on Nov. 29,1970

Tile prescncc of D\A in the 1<1nctoiiticlcus
Ilas bccn demonstrated in the fullo\\'ing \\'arys.
Electron microscopic autoradiograph\. (E\, I-
autoradiograpli},) revealed the incorporation of
radioactive thymidine into tilt kinctonuclcus
and ITUcletis (BUTton and Dtisanic, 1968 ; An-
derson and Hill, 1969 ; Hill and Andcrsoii,
1969). And. rs. n and Hill (1969) .had\,"d
that the fibers in the kinetonticlcus disappeared
completely \The IT Cr!'Iht^!h IQsc!'cii/atQ \\'as in-
cubated with D\ase for 4 ITours. Recentl ,
Laurent and Steinerr (1970) and Ozeki ct al.
(1970) showed by electroi\ microscopy that
kinetoplastic DNA \\. as released from isolated
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kinetoplasts of Trypanosoma meg" or Trypa"0-
soma gamble"se on rupture by osmotic shock.
The DNA of kinetoplasts may be distinguish a-
ble from nuclear DNA as satellite DNA of

higher AT-content (DUBuy et a1. , 1965 ; Riou
and Paoletti, 1967 ; Steinert and \;an Assel,
1967 ; Simpson, 1968 ; RIDu and Pautrizel,
1969).

However, in some species of Trypq"o30ma,
cells \vhiclT have lost the kinetoplast, so called
dyskinetoplastic or akinetoplastic forms (AK
forms), have been observed. Loss of the
kinetonucleus may occur spontaneously or on
treatment with acriflavine or other drugs and
may be due to loss of kinetoplastic DNA
(Swinert and Van A^,, I, 1967 ; SImp^. n, 1968).
Previously, we found that fragmentation of the
kinetonucleus occured on treatment of Trypa"0-
som" gamble"$8 or Trypanosoma e"an $1' with p-
Rosaniline in vivo (Trioki et a1. , 1969). The
fragmented material \\, as electron dense and
gave a negative Feulgen reaction.

In contrast \\, ith these extensive invest Iga-
tions on the DNA of the kinetoplast, there has
been very little \\, ork on RNA (Steinert at al. ,
1969) or proteins in the kinetoplast and parti-
CUIarly no in orphological studies by electron
microscope

The present paper describes the ultra-struc~
ture of the kinetonucleus in TiypQ"o30"I" cr"23
and Trypanosomagambit?!se and the components
of fragmented material studied by electron
microscopic autoradiography and the enzymatic
digestion

(1946). The cultured form (crithidia form) of the
strain of T. cri, SI mentioned above was cultured in

Bone and Parent's liquid medium (1963)

2. Maler!"!s

aH-thymidine-6-T (SPec. act. 5.0 clinki) and 'H-
undine-5-T (Spec. act. 6.0 cjm*I) \\, ere purchased
from Daiichi Pure Chemicals Co. Ltd. (Tokyo,
Japan). Srikura Autoradiography Emulsion (type
I. :R-HE) \\, as obtained from 1<0nishiroku Photo. Ind
C. Ltd. (T, ky. , Janan). DN"*" (DPFF), RN",,
(RASE) and pepsin (PM) \\, ere obtained from \\10rth-
ington Biochemical Corporation (Ne\\, Jersey), DNase
(DN-C) from Sigma Chemical Co. (Missouri) and
pronase-p from Kaken Chemical Co. Ltd. (Tokyo,
Japan). p-Rosaniline \\, as purchased from Chroma
CGsellschaft Schmid & Co. (Stuttgart-Unterturk-
lieim)

A, IATERIALS AND A, IETHODS

3 . fillsy"Ie I, 'eoi"!e, ,t

Trypanosome forms (blood stream form) of T.
o, 111bie, !se and T. crMsi were collected in the log-bhase

of growth from the blood of mice. They were fixed
in 2.5% gluta, aldehyde (pH 7.4) for I hr and
washed several times witl\ isotonic buffer solution

(0.25 xi sucrose in phosphate buffer, pH 7.4) and left
overnight In this solution in a refrigerator at 4 C.
Then they \\. ere washed \\, itit isotonic buffer solution
contain;rig 0003 M IVlgSO, at pH 6.4 and treated at
37 C with the following solutions (for 5 min with
pepsin and for I to 3 hr \\, ith other solutions)

I) For a control of DNase or RNase treatment
isotonic phosphate buffer, pH 6.4 (the optimal pH for
D:*:ase or RNase activity) containing 0.003 M Mg
so4

2) For DNase treatment : concentrations of 0.1 %
to 0.5% DNasein solution (1)

concentrations of3) For RNase treatment
0.01% to I% RNase in solution (1). Before use
some of these solutions \\, ere heated at 80 C for 10

min to mactivate possible contaminating DNase and
then acidified to pH 3 to in activate possible containi-
nating protease and then adjusted to pH 6.4

4) For pronase treatment : 10% pronase. p in
isotonic solution. Before use it was heated at 80 C

for 10 min to Inactivate possible contaminating
DNase

5) For a control of pepsin treatment isotonic

solution containing 002 N HCl (the optimal strength
for pepsin activity).

6) For pepsin treatment : 0.25 % pepsin in solu-

I Cells

Tryp@, 1030/11a g""16^^, ise (wellcome strain) \\. as ob-
tained from Eli Lilly Research Laboratories. Indiana-
polis, Indiana, U. S. A. , and Ti'yp0,1050"!a c, "$1' from
N. I. H. , Betltesda, Maryland, U. S. A. . These para-
sites were grown in mice as the trypanosome form
The cultured form (trypanosome form) of T. gal"-
bieiise (Cheicl< strain) was given by Prof. D. Weinman,
Department of NIIcrobiology, Yale University, Con-
necticut, U. S. A. and cultured in weinman's medium
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tion (5)
For p-Rosaniline (p-Ros. )- treatment f0110\\ ed by

enzyme treatmeitt, cultures of T. gainb, t, !se (Cheick
strain) in the log-phase of growtlt (2I IO' cells!inI)
\^ere treated \\. ith 5 Agjml of p-Ros. . After 4 days,
\^hen the number had increased to 9 x 10' cellsjml,
cells \\. ere fi_\cd \\ith 2.5% glutaraldeltyde and divid-
ed into four parts \\, hich \\. ere Lised for electron
microscopy, and DNase, RNase and pronase treat-
merits as described in 2), 3) and 4), respectiveI}.

4. Z/ectro, I rill'ci DSCopJ'c Qinoindro" aphy (EM-milo-
1'0drog, 'dpiiy)

Cultures of T. cii, 31 in the log-phase of growth a
x 10' cellsjml) \\. ere mixed witlt 20 PCIntl of "H-
thymidinc or 'H-undine. After 3.6,24 (1.5 KID'
cellsjml) and 481tr (20 x 10' cells!ntl), thc organisms
were It at vested ai\d fixed for electroiT microscopic ob-
Ser\, at 10n

Cultures of T. ciiis^ \\. hich It ad been incubated \\, ith

'H-thymidiiTc or 'H-undine for 481Tr \\, CTC fixed \\, itIT
2.596 glutaraldehyde \\. ith or witltout previous in-
cubation \\. ith 2.5%,, g!inI of p-RDS. for 4 days
Then the cells were treated with DNase or RNase

or pronase solution tis described in (2), (3) and (4)
above

After ciizvme treatinei\t all tltcse specimens \\. ere
double fixed \\ ith I. 5 % osmium tetraoxide in isotonic
buffer and mountcd in EPOn 812 in the usual \\. ay for
electron microscopic observation

For EM-atit oradiograplTy, ultra-thin sectioiTs of
specimens on grids were mounted \\, ith Srikura Emul-

After about 3 weeks exposure they were de-SIon

velopcd b}, " Sakura " 1<0nidol-X and fixed with
Kodal< Fixer. The gelatin layer \\, as removed by
\^ashing willt 0.02 N NaOH and preparations \\. CTC
stained with urnnylacetate and lead citrate. Micro-
graphs \\, ere ntade using a I-litachi 11 B electron
microscope

the kinetonucleus many grains were seen (Fig
3). Grains were also seen in the blepharoplast
(Fig. 4). Fe\\. er grains \\. ere seen after incuba-
tion for only 3 or 6 hr than after incubation for
48 ITr

On EM-autoradiograph), folio\\. ed by D\ase
treatment of T. crt, $i \\. hich had been labellcd

\\. ith 3H-thymidine for 48 hr various extents of
digestion of the kinetonucleus and nucleus \\'erc
observed. On partial digestion, the fibrillar
structure of the 1<1netonucleus and nucleus \\'CTe

lost and electron-dense material \\ith no grains
w'as seeit (Fig. 5). Treatment \\'ith DNasc at
high conccntration or for a long time resulted
in coinplctc loss of the fibrillar structure of both
the kinetonucleus and nucleus \\, ith no appear-
ance of grains (Fig. 6).

011 digestion of T. crt, $1' \\'ith R:*;ase after 3H-
tliymidine labclling, there \\. as extensive digest
tion of the cytoplasm but not the kinetonucleus
or nucleus \\ here many, grains remained (Fig
7). \\Ihen unlabelled T. cri, xi \\, as treated \\ ith
Ri*;ase similar digestion \\'as observed (Fig. 8)
In contrast treatment of T. gd, 1161t, ise (well-
come Strain) \\, it IT RNase resulted in extensive
digestion of the kinetonucleus (cf. Fig. 28, 29
and 30). Use of an R:*;ase prcparation which
had been ITeated and acidified to a low pH as
described in the At aterials and Alethods, gavc
similar results. Thus the RNase preparation
(RASE-worthington) \\, as not contaminated
with DNase or protease.

01\ EM-autoradiography of T. cr"$1' after
labelling \\, ith 'H-undine, silver grains were ob-
served in the cytoplasm, nucleolus, nucleus and
kinetonucleus (Fig. 9,10 and 11). There \\, as
no consistent difference in the distributions of

grains in the cytoplasm of cells harvested after
3.6,24 and 48 hr. However, fewer grains \\, ere
seen in the nucleus and kinetonucleus after 3

and 6 hr, than after 24 and 48 hr.
On digestion of T. CIMs, ' labelled with aH-

undine with DNase, the fibrillar structures in
the kinetonucleus and nucleus were completely
lost \\, bile grains of 'H-uridine still remained in
the kinetonucleus, nucleus and cytoplasm (Fig.
11). Thus the grains seem to be entirely due

RESULTS

I . Presence and local113,110i! of JIMc/ez'c acz'of @71d
pi'Otei" 111 killetop/asts of cr!'th, 'dz'a 101'111 of T.
CfI'SZ

On incorporation of 3H-thymidine into the
CTithidia form of T. c, '1131', silver grains of aH-
thyroidine were mainly seen in the nucleus and
kiiTctonucleus, especially at their peripheral
membranes (Fig. I to 4). During synthesis of
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to the presence of RNA. However, grains
were still observed in the kinetonucleus and

nucleus after their complete loss from the cyto-
PIasm by digestion with RNase. Thus if the
kinetonucleus contains RNA, it must be in a
form which is resistant to RNase.

2. I;,'ects of p-Ros""21^^Ie ON T. cr, ,21' a"d T.
gainbttnse in oatro

it has been shown that p-Ros. effects the
kinetoplast of both T. gainbt^"$8 (Cheick Strain)
and T. CTMzz'in vitro. whenp-Ros. (2.5 11gjml
to 5 Agjml) was added to cultures in the log-
phase of growth, the cell number continued to
increase and the akinetoplastic form (AK form)
also increased in number. Comparison with
control cells by electron microscopy (Fig. 12)
showed that fragmentation of the kinetonucleus
and disappearance of the kinetoplast envelope
membrane occurred under these conditions

(Fig. 13 to 19). Th. frogmant. d material had
no fibrillar structure but was electron-dense.

The AK form induced could only duplicate for
a few generation, so no AK strain developed
These observations are the same as those ob-

tained previously on the effect of p-Ros. on the
kinetoplast of T. g"in bib?Ise (Wellcome strain)
but not of T. coq"$1'. In the latter, fragment a-
tion of the kinetonucleus occurred but the

kinetoplast envelope membranes remained in-
tact and cells could survive, multiply and form
an AK strain (Trioki et a1. , 1969)

On p-Ros. treatment in vitro followed by
DNase treatment, the fibrillar structure of the
kinetonucleus and nucleus were lost but the

electron density in the fragmented material did
not change (Fig. 15). However, on treatment
with RNase, the electron density of the frag-
merited material decreased (Fig. 16). On
pronase treatment also, the kinetonucleus, nu-
cleus and fragmented material decreased in
electron density as shown in Fig. 17.

On EM-autoradiography of 'H-thymidine
labelled T. cr"21' and then p-Ros. treatment, no
grains were seen in fragmented material while
many were found in the kinetonucleus and nu-
cleus (Fig. 18 and 19). In contrast, on similar

treatment of cells labelled with 3H-undine

grains were seen in fragmented material as well
as in the normal kinetonucleus, nucleus, nucle-
o1us and microsomes (Fig. 20 and 21).

3. Kz}letop/asts of trypa"o50me forms of T.
gainbib"se and T. cruzi

Fig. 22 showed the blood stream form (try-
panosome form) of T. cr"23' as control of RNase
treatment. In this form, the kinetonucleus
appeared to have an uricoiled fibrillar structure
(Trioki at a1. , 1971). On RNase treatment,
these fibrillar structures in the kinetonucleus

and nucleus were not affected but the cyto-
plusm w, ^ dig, st, d ,^reusiv. Iy (Fig. 23). Thts
was similar to the case with the cultured form

(CTithidia form) of T. cr"$2' (see Fig. 7 and 8)
but different from that \\, ith the trypanosome
form of the wellcome strain of T. gainbz^113e
(cf. Fig. 28,29 and 30)

In the trypanosome form of T. gainhie"$8
(wellcome strain), the control for DNase or
RNase treatment appeared similar to untreated
material (Fig. 24 and 25). On DN"^, treat
merit, the kinetonucleus and nucleus were ex-
reusiv, Iy dig, st, d (Fig. 26 and 27). After
digestion the kinetonucleus showed a matrix-
like, rather than fibrillar structure. On RNase
treatment, the kinetonucleus and cytoplasm
w, re dig, st, d ,xt. usiv, Iy (Fig. 28.29 and 30)
and the nucleus very little. Digestion of 1<1ne-
tonucleus was much greater than in T. crust
(. f. Fig. 7, 8 and 23). RN, ** treatm, nt of
preparations of T. cri, $1' and T. gainbzt"se was
repeated more than 10 times \\, ith similar re-
SUIts. Fig. 29 and 30 show the effects of partial
digestion of T. gainhie"se (Wellcome strain) with
RNase, indicating that the electron density of
the kinetonucleus gradually became less.

On pronase treatment, the electron densities
of both the nucleus and kinetonucleus de-

creased (Fig. 31). Even in the control for
pepsin (incubated in 0.02 N HCl isotonic solu-
tion) the whole cell was deformed (Fig. 32 and
33), the fibrillar structure of the kinetonucleus
was lost and the outline of the cell became IT-

regular. Pepsin treatment resulted in exten-
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SIve digestion of the whole cell, especially the
microtubules (Fig. 34).

DISCUSSION

In this work, \\, e confirmed the incorporation
of 3H-thymidine into the kinetonucleus by EM-
antoradi. grephy (Fig. I to 4). On dig. sti. n
of aH-thymidine labelled cells \\, ith DNase the
fibrillar structure of the kinetonucleus was lost

(Fig. 5 and 6). This confirms that the fibrils
of the kinetonucleus are composed of DNA.

we also observed grains of 'H-thymidine in
th, bl, phar. pints (Fig. 4), ^h, wing that bl. -
pharoplasts in these organisms contain DNA.

In 1969 KallinIkova reported that the 1<ineto-
PIast contains RNA from cytochemical studies
by light inI. "., copy whil, Swinert at a1. (1969)
observed the incorporation of aH-undine into
the kinetoplast by EM-autoradiography. Our
experiments confirm the incorporation of aH-
undine into the kinetonticleus as well as into

th. nu. reus and cyt. plusm (Fig. 9 and 10)
However, on digestion of 'H-undine labelled
cells of T. cr!, 23' with RNase, no in orphological
deformation of the kinetonucleus or nucleus

was observed although the cytoplasm was ex-
tensively digested (Fig. 7 and 8). Thus, as
mentioned above, both the kinetonucleus and
nucleus seem to contain RNA which is resistant

to RNase, like chromosomal RNA or nuclear
RNA in higher organisms (Bonner at a1. , 1965
and 1967 ; Benjamin at a1. , 1966 ; Shearer er al. ,
1967 ; I. hn er all, 1969).

In contrast, similar treatment of the well-
come strain of T. gainbz^"se with RNase caused
severe deformation of the 1< inetonucleus (Fig.
27, 28 and 29), while with the Cheick strain of
T. gainbit, ise moderate deformation was observe
ed. In the wellcome strain of T. gainbit"se, it
appeares that RNA is somehow lit\, o1ved in
maintaining the structure of the kinetonucleus.
No further experiments were made on this,
since unfortunately under Qin' culture condi-
tions this strain could not be labelled.

Both pronase and pepsin caused inorphologi-
cal alterat101T of the kinetonucleus (Fig. 17,31

and 34) indicating that in latter also contains
protein. However, according to Steinert
(1965), the kinetonucleus does not contain any
histone. As shown in Fig. 17, after pronase
treatment less electron-dense lines or tiny dots
were seen along the fibril threads after pronase
treatment, suggesting that DNA and protein
together formed a chromonema-like structure.
Thus, electron microscopic studies on labelled
material and material after enzyme treatment
showed that the kinetonucleus of Trypanosoma-
tidae contains not only DNA but also RNA and
proteins

These techniques were also applied to study
the fragmented 1<1netonucleus induced by p-
Ros. . In T. crwsz' and T. gainb!t"se in vitro, the
fragmented material was labelled with 3H-
undine but not 'H-thymidine and was digested
by pronase. This indicates that this fragment-
ed material contains RNA and protein but not
DNA. p-Ros. treatment also resulted in dis-
appearance of the envelope membrane in these
organisms in vitro, so that they could not sur-
vive or maintain an A1< strain. In contrast on

treatment of T. coa"$1' with p-Ros. in vivo, the
envelope membrane was not affected and an
A1< strain was formed. Electron-dense in a-

terial, like the fragmented kinetonucleus in-
duced by p-Ros. , was seen inside the envelope
membrane in this A1< strain (Inoki at a1,1969)
and AK strain cells had kinetoplastic DNA
(Ono at al. in press). These facts reconfirm
that the kinetoplastic envelope membrane
of these flagellates has some essential function
related to viabillty, and this may be why T.
gainb!t"se (wellcome strain and Cheick strain)
and T. errr $1' cannot survive as the A1< form

p-RDS. seems to inhibit synthesis of 1<1neto-
plastic DNA \\, hen the envelope membrane has
disappeared so there may be some ralationship
between the synthesis of kinetoplastic DNA
and the existence of the 1<1netoplastic envelope
membrane

OZEKI, Y. at al. Killetoplost intra-strifett{,'es by dittorndro"I'dpity and ei, gymot, 'c d!^estio, I
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Ci, JIMred T. c, '1131' (ci'ithidra101'1, I) inclrb@led all't/I 'H-Ihym, 'at, Ie (2014cj, ,10 101 48
h,

FIGURE I. Rest, ',, g stage of Afireto, lucktrs @11d JIMcletts. SII"e, ' gr@1713 are
063eJ"ed ill the hilleto, ,MCIei4s @11d at the pel',}he'll^ of the ,!Ifc!e"s
FIGURE 2. D@wghter Aliteto, IWCle, ' 271 the process of dibi'$2b, ,. A silver grain is
observed 111 each

FIGURE 3. Stage of killeto, ,ifclet, s sy, ithesi's. SII"er groi',, s seen, to be a, I @71ged
111 a 1111e

FIGURE 4. Resti',, g slage. 'H-thy, ,, Idi, !e i's 1'11co, fjordted flito basal boates (61e-
ph@rop!"sts), @11d at the perilihe, 'y of the kinet0,114clei, s @11di, , the ill, CMIS
66, basal body, e, ,I, ei, "elope ?"e"!61 alle, I, flage1!117, ,, All, Aliteto, IIJc/errs, dk, I,
d"witeJ killer o, 111c!errs, 711t, 7111C70tubt, !es, 71, iruclews
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Culti, , ed T. crwsi (cri'!hid^^ 10,111)
FIGURE 5 and 6. Cells toe, e 1'11ci, baled at^,'1/1 'H-Ihy, ,,,'dine (2014c!"11) for 48 fry
and their fixed alld treated 2011/1 DN"se (Urnr/Anglo, , DPFF). Diffe, e, ,I
extents of of lyestio, I ore see, I. No grains o1 1161'1'11@, $11VCIm'e I'S an^Ib/e

FIGURE 7. Cells coe, e I'llci, bated refill 'H-!fry, "I'd^^e(201, cj, ,, I) for 48 117 o71d
Ihe, , fixed gild treated colth RNase. The cy!Dpi"sin is extei, sitely dikested.
The killeto, MCIei, s 13 ,!0t affected o11d is ill the PI DCess of di", sio, ,. Mally g, @iris
dye seen.

FIGURE 8. RNose treatme, it. The cytop!as", i's dikes/ed exte, 151'"ely, refine the
Afiret0, !11c/errs and 71VC/errs are 110t affected
66, basal body, All, A1}, eto?, MCIevs, ii, line/errs
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Ci, /illre, / T. cri, 31' (cii'th^^^^ 10, ',,,) illcwbated coit/, "Hi, ri'chile (20}Lcj, ,!I) for 4811r
FIGURE 9 and 10. Gr"!'i's a, e see, ! I'll the ruffleol, ,s, IWC!errs, lulle!o, 111c/elfs and
Cy!Op/@$111

FIGURE 11. Cell treated 201'1h DN@Se allei 1'11coi:po, "Iio, I of 'H-,, ri'of ille. Tile
Allie!OHMc/elfs alld 1111c/elfs ha"e bee, ! '17/10s! co, !!pieteb^ d!jested, gini',!s ore still

Ihe killeto, inch, s, 1111c/errs and/ cytop/as"I
e, ,I, eJ!"elope meritb, '"lie ,' It, I, Afiretoi, ,, c/ei, s ,' 71,1111c/errs ,' 1111,7111'CJDii, bit/es
seen 111

106 BIKEN JOURNAL V01.14 No. 21971



.
,h
,

,

,.

:;*.'r,

*

*

*

., ,

e

.,. . : ^^ :

Fig ,,
,*,

,...,, .. ,.*!a. " ' I

. ,,. .,. ' .,.' . .V

" ' ' ^**-,," ^,:\. .,:' . ., 7' ,;' '-

,:,-'.;;"*- .~ *;.' ." ' * ' .,: 2.1;t -" "{ 16': rI' .' . ..
., ..:". * ,.,, .,. , .

. .

, .

,*

~,. ,.

,

*

f

a.

,

,

,. ,~
" .
. ,

.

, ~

(1)

.

^

. ~

,

~..

A
..

.

r

,...

,

*

*.

, ,

.

^.

L'

,

,*.

,

.

r*
,*31

.

.

.

,.

-.

.

^#

,^

a

.. I

-"!-,
.,*,.

, .**;,..,
, * . ..
41 ' I ',,'

..

,

..

, .

J

.t .

,

'r$;^; ,.,,

*

*.

,

I

,

"

, .,"

^.

y

.

^:

. .

, I. ,?

..

>

;?'

J

.

,

r

,

?

,

~

,

. ..:.' \. I

.

A

.."*" "

~ ~ Safe

,

J

,.

,

I'4

,

, .

. "

" . .,, ,

. .."

, .. ...~.,*

.^,

447 ,

~, 3 ,
"*

"

<^,

t, ^$9 ." ,*t, .
', , ,:",'$.!;,,

.A'

4*. t* ,,,, * , e
' *;. "' ^ ' . a*,
4 .. *. I

23^, ip *r ' '" ' ' "
", ^ .L
a' ".*

1'1 I:
*' ' *

inI

.

.

..,.

L

I'

*--. ,. . I
,L- _ _

,. ^,^,

, -. ... ^ ... . .. .,.? . ".
' I. " ' * 'q " .' .., . e, .. .,.. L.

' I '"' ~f I ,," ' ,'
. . , * ' "" ~'*3.

,.... J > , ....+. , "

I .#^,~ **^;^ " "' ' ' '~' ' I, . ' -S;^*- ~ .~,- ' - -, , -
,'..- - * ,*, ', : - , ,i , -' a:\

"

~

,

,

J

*

..

,

L

,L

,

,,

. .

,

.. ,.. . ....

I*
^

,

$1

,

.

..

,

, ,,. . .,

, , ^;:.* ,..:
'* , ,,^E , . ^^^^I'

~. ,.,

A *,=. ~

OZEKI, Y. at al. Kinetop!@st ultra-st, ,"cm, es by auto, @d^^graphy and errzym@tic d, ^estio"

,

-4

.,

,

,

,.

,

*

,.

?.

,

..

*

,

!e



p-Rosa, ,Ithie lyea!,, leii/
FIGURE 12. Ch, loft sti'ai, ! DJ T. g""!hieiise (frypa, ,o3,111e Joini) us a coll!ro/ for
p-RDS. tied!,, felli. The fibi'!//ar $11'11c!111'e of Ihe lulle!o1/11c/elfs is c/erri /y seeJi alld
the arm, u shores '11/10choiJdrm/ ci'131"e rehJt/I app, "I 111 Ihe c!,/111rci/ /QINi
FIGURE 13. GIIe!tit styui',, of T. gall!61t, Ise (flypmios0,11, loin!) lienicd corni 5
41gj, ,11 q/ p-RDS. Joy 4 days. F1 rig, ,, e, !/rill'on of Ihe killcioiii, c/elfs rillt/ tfimppen, -
dire of Ihe e, ,"elope 111e, ,16rtti!e dye s, elf. Tile 11 a",, IeJ!fed I'm in Jul shows ,10 jib-
11/1",' stillc!,, I'e

FIGURE 14 and 15. Cii/1111cd T. cilis, ' ('11/1^^^ 10,111) Iran!ed refill 2.5 11g!,, 11 of
p-RDS. for I flays. Flag, ,, e, !1,110, I alit/ di\"lipe"I alite of Ihe ei, "elope 111e, ,161 alle
ore "ppn, 'eJ!/. T/!e SPCc, ',, rel!s EUeia IheJi flea!ed 7,111, DN"s, (81g, ,in DN-C) "s
shore, I 111 F1;!. 15 I'esi, /!,', Ig 1'11 of lyesir'o11 o1/11e fib, '1'11", 311'1!cii, re o1 Ihe killeioi, 11c/eus
HD""t, er, Ihe elecii'o11 dellsiiy DJ 11 rig, ,jellied liraieiJul ("I'rotu) diff not deci'ease
66, basal burly, e, 11. elf"elope 111,111brmie, I, linge//1,111,
All, Allie!o, 111c/elfs ,' 1,141, Afiret0,111c/erri'/,'ag, ,,,,!t ;
'', 1111c/elfs
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p-RDS"nihile 11 ear?,, e, 11

FIGURE 16. Wellco, "e slidi',, of T. gal"bib!se (blood 101'"I) I, eated coini 7071ig
p-Ros. !/tg 71,011se body toeit. At for 5 days and 0011h RNose alley frail'oil. Tile
hille!o, 111c/elfs o11d flag, lie, !led rimleiId/s (@,, ores) ", e less electro, I de, ,se than 111
the coll!I o1

FIGURE 17,18 and 19. Ci, /!111'ed T. cii, si (cr, 'thidr0101'711) 11'eoled rel'/h 2.5 pit!
1111 of p-RDS. Jul' I days. Fit'. 17. Cells tiedted 2011h PIO, juse. Tile Alifeto-
1111c/elfs alld/lap, Jellied 71/01ei'I'"I (ari'ore) fig"e beeo"re less eleci, 'o11 dellse
T/IC cells ill Fly. 18 alld 19 reel'e I',, crib@led 201'ill "H-illy, ,11'chile (20 PCI, ,11) 10,
JR 111' 6</01'e neatme, it refill p-RDS. . Moily gi all, s a, e s, e, ! I',, the '10/7/1n/ Aliteto-
1111C!elfs cold JIMc/elfs hilt ifot 171 11 ag, ,, e, !!ed Inate, fat toll 0203).
66, basal body , lei, , 1</11e!o, 111c/errs, AJI, June!o11"c/eoi'11'"g, ,lent, 71, initlei!s
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T. cr, isI (crithidr0 @11d trypmioso", e/o1 ms)
FIGURE 20 and 21. Gill!!!red T. c, '!1st 11 calcd twill 'H-1171'd!, re (20 PC 1:1:1) 107' 18
fir alld iheJ! ,uith 2.5 Ag!"11 of p-RDS. for 4 days. "H-nil'dr, re is illcorpor@led, ', I/O
frog, "elite of Ina!eri'@! (an'DEUS) alld the Intrleo/lis, An'eio, Mein, s and cy!001as"I

FIGURE 22 and 23. Blood/o1", of T. CMISJ'. Fir. 22, coilt, o1 for RNttse treat-
Tile Iu, leto"!"/ars has un lineoi'!ed. fibi. 1/1m sin, cttire (of. 1110k, ^I o1. , 1971).711e, it

Fly. 23. Cells alley RN@se treat, ,I'llt. Tile cyiop/'37/1 bill 7101 the An'eio, ,MCIei, s
or 1111c/elfs 1'3 dikested (<1. Wellco?, Ie $11'01',! of T. gall, 61eiise Fly. 28, 29 alld 30
66, basal body , I, foge//arm, 1<11, Ianie!o, 111clei, s,
kill, lainelo, inclenr IT"gruelit, 11, lineleiis, ' 1111, Initlenh, s

112 BIKEN JOURNAL V01.14 No. 21971



I .,~'

, % .... , ..,. ..
I I, -,,. - . *- j, , I, ' " ' ! '
' ~ """' ,-.- , I *. -- I~ " '
;, v, .,, , ,,,. . A'.' ' "'./ <
!,;, -' I'-14 ,- ^ ' \ *̂,
. -'N ' I, -'

14' .4^, f .,, 4, " . .F. , ..
.,, , ,. a ,,.., I .

knf

,'^^^^;"' " nu *,/ I "';, I.
00 '*. ,' . , !
t, .<:*!^I. ;.' ' ' " "' "'' !"'*' 7t"f. -! ,... ,. I '4 ' ' '' !,,,. f, f' , ,.:. *{ '4 .,'.'

" " ' Ish " ""
14, . J ' " I, ;' !I ... ,
,,.,. , . ,- 4, ., " r- b. '+ . $..

^ .' ,, b". '^.' ; I'^'"' ' I ' .*' *.",.*'I" '

!. a, ^;; *- ' " ' " ' ~,;" ,; 40 ', . ;' ,,.^r ' " ' "I "" A, ;^,' ,' "- , t- 4. ',. kn ;: : "- . '
,,...,. , ..,!*" ""' ' " '*'. ', ' . .' 4 '. " I ".'

""' "" " $ ' 3, $'. . I, ..,-,, , --*,:^*it * -
.;I'. q'. ,,, .- * . t. - ' ' " """;," ' '"" 2^" ' ,' A "-' I . , , '.,. "?{^,:.*' ' ' N' ;,' ' * t^::, - *. , - ' I ; ' .,.*\, *".,. ,.'
I , ,,, tag . . 11^I' 71. --..;. , ' -,*.& I

.' ;.'. .. I 11 , 3.7. j : . , 41_

.!, -' I ; : .*-^,> .. ,. , d',
'., * .~ t. F. .. . ' ,,... ' j * I. ., '

'. I. * r. ",: I. :" ',.'-. "' ": ^<',' {!^,';^;.,'$/\, e-'. I ..' I'- ;I ,.-.. ;.,:. ",., .... I^-. . , -I^;,. ,,^>' ;,. .\ , . : I'

-.- *,. ' I -- '- f . I' ' '-.. ; It, .- . .', I I.h . ..'- * ' ' ' , --. t, .,, ,, r, . . .,, . , , ., t' A; - ' ' ' ' "" ' ""7-1'. , ,,,, ,
-. :.. -- .,. . b. "' -. ,.
I \\ it. . , , .-,

.. L^*!. ,t' '.. ",* .. \ .t. , ,, -*" . %
,. ,... ..: I ...

..*.. . \< ' ' ..$., . t .... .' ' .^:. ^. V '.. I' ' it ". ." . . '^,,,*" ""
' \ ' f *: t--"': r " *' '*t '.-' "

' ; .;,^*. ipr-. \,, . ~& : ' }*j. , , - """"' " ' ~

.,,. ,'*!, ,kid, ,, ,., , . , , , . ,.
, , ' - \,", , . ~, , ,! '. i's', - - - ... ., -

','. .*': ;:. "..- \^' ' ^ I , ,, , , ,, ,,
,..> \

"" '" ' " " ';^' .$*4 I ' ' "'
22 ,.. * * ,... ~~ ' ~... ,",. ~ \. , .. .. ..

.
1/1

r

..

.. 3:4 *
.,./$.

\

,

..

+.

.

.

I

.

\

Ib

\ .

\.,

A

If , ,

....

\ W ',,.;
' .> "', *

^;!-

.

.

,

.

V

.\

.

,

.

..

..

,

,
".... .

.

.,

.

-. ..

OZEKI, Y. at al. Kingtopl@st ultra-sty"ct", es by auto, @ding, @phy a"d e, 12y, ,, atic digestion

f



Eirey, "e 11 earn, eJ!I of ihe Wellc0, ,,, $11'aJ'11 of T. gainb, bise (/ITp"110,011!e 101'110
FIGURi: 24 and 25. Colliro/s 101 DNuse o1 RN"se lyen/"!eJit 011c!!baled at J7
CIOr I In' 111 1,010iiJ'c bitffei JohnJ'oil)
Tile 1111c/ei" (F1g. 21) in!of Iu}reloiiiic/elfs (File'. 25) ale $11,111a, ' to those of 1111trenl-
ed cells

FIGURE 26 tiltd 27. DNCse (1,011hi}!g/o11 DPIF) lienime, It I'es, 1/13 111 ex!eJ!-
$1"e direstr'o11 of Ihe 1111c/, 113 (Fly. 26) 6111 110i Ihe Hire/eon!s. Tile lull, toil, IC/errs
(1'1k. 27) Is digeste, / 6111 '11/1 Jam!'113 a JIMi, 'I'x-hke $11'11c!111e
FIGURE 28. RN"se tie"1111e, 11 calls"s of 11, es/!o11 o1 Ihe killetoi, ,!c/elf$ (<I. F1'". 7,
8 cliff 23) alld cytop/as, ,I
bb, basal body , I'll, lulleioii, "/elfs , 11, 1111c/errs ,
111, , 1111c/eonrs
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Ei, sy, "e 11 ea!,, lei!I of T. gn", bib, se (11'ypn, 10so, ,Ieloini)
FIGuitE 29 aiTd 30. Different exie, lis of RN"se offhe'll'o11 of the June!o, 111c/elfs 112
the lye!/collie $11,111 of T. gainhieiise. RNnse 41^^es!1011 causes ", "dim/ red, reli'o11
111 the elecii'o11 dellsJty Of the Allieto, illcle, !$
FIGURE 31. PI'o11nse t, 'e"inleiii of Ihe Citeit/e $11'"1'11 of T. gainhi, ,!se, I'esii/!$111
redi, ct!o11 In eleclro, , dellsJ'Iy of o11 cell coinpo, lei!/s
FIGuitr 32 and 33. Collt, o1/01 pepsin tiedt, ,zel!! Onei, boted at 37 0101 3071/1/1
in Isotonic 0.02 N HC/ soh, 1,011). Tile coho/e cell r's delor, ,,, d. N0 161'171"r
sirt, '11/1'e 13 reel, In Ihe 1,171eto, incleiis alld ihe o, 111^}, e of the cell 13 111'err!{/"r.
FIGui{" 34. Pepsi, I treatment. Tile Echo/e cell i's exte, !$1be/y offtested colih^^, 5
,",, I o11 111c!, hullo, I at 37 C. No nilCJD!1161es ale seei,

66, brine/ body, I, flage//11n, . AJI, lulle!o, 111c/ciJs ,
1111, 1111ci o114b, firs ,' 11, 111, c!errs , ill, . JIMc/eon, s
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