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ULTRA-STRUCTURAL CHANGES IN THE KINETOPLAST OF

TR YF, 4AIOSOM, 4 CR UZ/ DURING TRANSITION OF FORM IN

\TITRO'

SHOZO INOKl, YOKO OZEKI and HIROJI KAMBARA
Department of Protozoology, Research Institute for A'Iicrobial Diseases, Osaka Universit ',
Yamada-kami, Suita, Osaka

(Rec"iv"d Octobe" 29,1970)

uMMARY In Trypanosoma cr"22', the fibrils of the kinetonucleus are uricoiled in
the trypanosome (T) form, but coiled in the CTithidia (C) form. Coiling occurs
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during the transition from the T to the C form. These fibrils are fixed on a late-
shaped structure that divides during replication of the kinetonucleus. This structure
is designated as the ' basement plate '. Experiments on T. ga"16zt"se showed that the
envelope membrane of the kinetoplast is destroyed, but the membrane adjascent to the
basement plate is somewhat resistant to ARosaniline treatment.

Microtubules of the basal body were found connecting the fia ellum and the
kinetoplast.

INTRODUCTION

^JPn"OSoma crust, an agent of Chagas'
disease, ITas three main forms during its life
cy. re, unm, Iy, t"ypan, ^. in, (T), withIdi, (C)
and leishmania (L) forms. The T form which
is incapable of multiplication is found extracel-
Iularly in the plasma of infected individuals.
The L form is found in cells of me senchymal
origin. The C form, an intermediate state
in transition from the L to the T form, appears

I This \vorl< was supported in part by a grant in aid
from the NIInistry of Education, Japan

This paper \\ as read at the 25th \\rest Regional
of Japanese SOCieq, of Parasitology in Hiroshima
City, Japan, October 27-28,1969, and at the 21td
Seminar on Tropical Medicine Iteld at the Iris-
titute of Tropical ATedicine, Yonsei University,
Seoul, Korea, A1ay 22-23,1970

in culture media and in the invertebrate host,
Ti'Intointr.

The ultra-structure of this parasite has been
studied extensively (Meyer and Porter, 1954 ;
Meyer et a1. , 1958 ; Meyer and Queiroga,
1960 ; Schulz and MacClure, 1961 ; Sanabria,
1963, 1964, 1966), and a correlation between
the in orphological types and phases of the
growth cycle \\, as made by Camargo (see
review, \\reinman, 1968). However there are
no reports on changes in the ultra-structure of
the kinetoplast during the life cycle

This study \\, as on changes in the ultra-
structure of the kinetoplast of T. ci'1122' during
transition from the T to the C form.

37



MATERIALS AND itIETHODS

A strain of T. c, 11st obtained from N. I. H. , Bethesda,
\jaryland, U. S. A. , and T. gainbit, !se (\\'ellcome
strain) were used in this study. The latter \\. as the
same strain used b\. Inoki at a1. (1960 and 1961) for
their genetical and jinmunological studies. The T
forms (blood forms) collected from infected mice
\^ere transferred to diphasic medium and cultured
at 25 C. The technique for electron microscopy was
identical \\, ith that reported by In o1<i and Ozeki
(1969). Parasites were taken from the diphasic
medium or infected mice at desired times and fixed

at 4 C for one it our in phosphate buffer (pH 7.4)
containing 2.5 96 glutaraldehyde. The organisms
were collected by centrifugation at 2,000 rpm for
15 minutes. The parasites formed a film on centri-
fugation were removed \\. ith a fine glass rod and
\^ashed for one hour with isotonic buffer. Then it

was stored at 4 C overnight in the same isotonic
buffer. The materials \\, ere post-fixed at 4 C for
I hr wit11 1.5 q', osmium tetraoxide misotonic buffer,
and theIt \\. ashed once \\. ith distilled water. After

deitydration \\, ith a series of increasing concentrations
of alcohol, ntaterials were embedded in EPOn 812
and sections \\. ere further stained with uranyl acetate,

followed by lead citrate (Reynolds, 1963). Micro-
graphs \\'ETe made in a ITitachi 11B electron inic-
To scope

90 hr after the transfer. From these pho-
to graphs, it is evident that the transition
from the T to the C form is always accom-
panied by a in orphological change of the
kinetonucleus. The kinetonucleus gradually
coils up, and then the vacuoles decrease in

Finally the kinetonucleus becomessize.

compact with no spaces, and is inorphologically
indistinguishable from that of . the C form.
it was also noticed that during these processes
some coiled kinetonuclei start to duplicate
before transition to the C form Is complete
(^,, Fig. 9)

A plate-like structure can be seen on the
inside of the membrane enveloping the
kinetoplast from which the kinetonucleus
may arise (see Fig. 2,3, and 4). we named
this the ' basement plate '. Similar obser-
vations were made on the blood form (T form)
of T. gainbz^"se, and a basement plate was also
detected in its kinetoplast (see Fig. 15),
although it \\, as not so distinct as in T. CF"21'
(see Fig. 15 and 16). This may be because
the kinetonucleus is not uricoiled in the T

form of T. grimbib?ise. As shown in Fig. 15,
it was also found that the basement plate divides
simultaneously \\, ith replication of the 1<1ne-
tonucleus.

In 1969, Trioki at al. reported that
treatment \\, ith p-Rosaniline, the envelope
membrane of T. gainbzhese is lost while it
remains intact in T. coaltsz'. The change in
the ultra-structure of the kinetoplast of the
blood form of T. gainbzt"se (in mouse) was
examined 4 hr after treatment with A
Rosaniline (5 inglKgjb. w. ). Fragmentation of
the kinetonucleus and disappearance of the
envelope membrane occurred, but the meinb-
rane adjacent to the basement plate was some-
what resistant (see Fig. 16).

As shown ill Fig. 7, two fibrils \\, ere found
connecting the flagellum to the kinetoplast.

RESULTS

we have shown that when the T form of T

c, war' is' transferred from mice to the diphasic
madium of Phillip* (1961), it .hang*, to th.
C form in about 90 hr. Employing this

followed thistransition system, \\, e process.

In the first step, it \\ as clearly demonstrated that
the kinetonucleus is uricoiled in the T form

(Fig. I and 2). Th* un. .it, d foul^ of th*
kinetonucleus gradually change to the compact,
coiled fibrils characteristic of the C form

(Fig. 3 to 14), and large spaces are formed
inside and outside thc kinctoplast as the result
of coiling of the kinetonucleus (see Fig. 7.8,
and 9)

Fig. 3 to 8 sho\\, organisms taken 24hr
after transfer from mouse blood to the di-

phasic medium, and Fig. 9 to 14 sho\\, parasites
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DISCUSSIONS

on

There arc several reports on the ultra-structure
of T. cawzi. The preliminary report of Meyer



and Porter (1954) on electron microscopic
studies on the C and T forms of T. crt, $1' grown
in Xi*;'N medium, was confined to non-

sectioned preparations. Employing the ultra-
thin section technique, Meyer et a1. (1958)
and Meyer and Queiroga (1960) respectively
reported observations on T. cr"22' in tissue
culture and in blood agar medium. Schulz
and MacClure (1961) also studied T. crt, 22' in
blood agar medium and demonstrated the fine
structures of the fibrils in the perlplast and
kinetoplast. Recently, Sanabria (1963, 1964,
1968) published a series of papers on electron
microscopic studies on T. criist' in mouse brain
and myocardium. These reports give detailed
descriptions of the in orphological characters of

organelles, including the nucleus,
kinetoplast, blepharoplast, Golgi apparatus,
flagellum, perlplast and ribosomes. However,
the change in the ultra-structure of the kine-
tonucleus during transition from the T form to
the C form did not receive attention

This work \\, as on the morphology, of the
kinetonucleus in the different fol. ms of T. cri, 21',
bccause the kinetoplast is considered to contain
the DNA. It was found that the kinetonucleus

is uricoiled in the T form (see Fig. I and 2),
but coiled in the C form (see Fig. 14). The
process of coiling of the 1<1netonucleus during
the transition of form on transfer to dipliasic
medium was followed by electron microscopy
(see Fig. 3 to 13). 1<inetonuclear division
was observed only when fibrils of the 1<1ne-
tonucleus \\, ere coiled. This division does not

seem to require complete conversion to C form,
but can occur wllen coiling of kinetonuclear
fibrils has proceeded to a certain stage (Fig. 8)
In contrast to the T form of T. ci. MM', it is 1<nown
that the blood forms (T forms) of other species

various

of the genus Tripn"OSo?"a are usually capable
of duplication. In these, the T form has
coiled kinetonuclear fibrils. Thus, onIv the
coiled kinetonucleus seems able to divide.

A plate-like structure, from \\, hich kineto-
tonuclear fibrils appear to arise, \\'as de-
monstrated here for the first time inside the

envelope membrane of T. cr"31' and T. gain-
b, ^?ise. This structure divided at the same time

as the kinetoplast. Accordingly it \\, as named
the ' basement plate '. The roles of the
basement plate are not known, but it may fix
the kinetonucleus in the right position in the
kinetoplast relative to the basal body of the
flagellum, and/or may be involved in synthesis
of kinetonucleus fibrils.

As shown in Fig. 7, two micronbrils (tubulae)
were observed connecting the base of the
flagellum to the kinetoplast (cf. rhizoplast ;
Pitelka, 1963). The term '1<1netoplast ' means
ai\ organelle that gives energy for Hagellar

However, this function ITas notmovement

yet been proved experimentalIy. Anderson
and Elm (1965) wired that if th, kin*t, plust
produces energy yielding material for use in
Hagellar or pellicular movement, this material
must diffuse tlirough the double membrane,
since no microporcs ITave been observed.
From studies on Trypa"o30mtt 711eg@, however,
Steinert (1960) considered that the 1< inetoplast
PIOvides genetic information for synthesis of
mitochondrial enzymes. Later, the concept
of the 1<1netoplast as a ' mother initocliondrion '
(Ris, 1962) became widely accepted, and the
original that the 1<1netoplast controls
flagellar movement, has gradually clianged.
Ho\\'ever, our results, suggest that the original
vie\\, may be revived

I\OKi, S. at al. Unin-stillctui'al chapiges lit An, etoplost of T. cri, si dur!'"g tidal$111b" of 101'in

vie\\,
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FIGURE I. The T 10n, I of T. c, '"si in IMOiise blood. Tit, Afireto, inclear fibers
are runeo!'!ed and thicker thini typical coiled o71es. Tile ari'oar 171drcotes the
baseme, ,! styuctt, re 130-call, d ' basement plate ' (Bp)I o71 the 1'11si'de of Ihe Afireto-
PIast e, ,"elope

IVC, 20hite blood cell, e, ,, kinetop/ast gyroe/one

FIGURE 2. Ray, 'o71 of the An'eio, ,MCIeiis (K, !) of F1g. 7. at 111^heI "ing, liftc@non
The basement plate and frilleto, ,MCIea, ' libels ale clea, Iy seen
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FIGURE 3 to 14. Sinic/!ifal change 111 the lulle!oili, c/elfs of Ihe blood 10,711 of
T. c, '11st o11 11 nine, ' to of I>hasi'c 711ed, ,,,,,. Tile sail, F1es toere takeii 24 h, (F1;,
3 to 8) alld 90 hi' (Fit'. 910 14) 4/1er 11'aliveI' to off^hasi'c 711ed^11/11

FIGURE 3 to 6. Shore foileioii, IC/ei (Ki, ) EUhi'ch are $11'11 I'llco!'/, of. Tile spac, s
Ills!ofe (SI) and o, 113!Ve (So) Ihe Iu}inDPIas! e, I"elopes ale seen 111 Fit. I alld 5
Fly. 5 diff/ 6 shore base, !1,111 pin/es (Bp) probably '01/11ec/e, / EC!'!/I Ihe Alli, /0-
1111c/ei'. 111 Fly. 6, Ihe lulleio, ,lickiis 13 close to Ihe 111"/elfs (N). bb, basal body
(or 61ej>froi DPIasi) , elf, 1,111e!DPIns! ei, "e/one
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FIGURE 7 and 8. Ki', letop/as!s 24 IIJ after null$1er to off^has!'c lifed^1,711. Fig. 7
shotcs aji 1111coi/ed An'eioi, ,, c/eus (K, !), anti 61k spaces 60/11 1,131'de (SI) nild Diffside
(So) Ihe lulleiop/as! e, !"elope (eir). Tan0 ,111'ci o1/16/11es c"i, be see, ! COM1, rel!', Ig
the eii"elope Ine"16rn, !e of the lulleiop/"$1 to the base of Ihe fage!/!1111 ("r, o203)
111 Fly. 8, Ihe lullet0, ,11c/errs I'S coiled bill spaces. SI alld So, are $11'11 seeii. Thread-
117te siri, cii, I es are seeii in space Si. bb. basal body (or 61eph@rop!"$1)

FIGURE 9. The at"I'ded killer DPIast alld 1111c/elfs (N) DJ T. cri, 31' 90 IIJ alley
Ir"1141er to diphas, 'c 111edrii"I. ratio Aliteto, incle, ' (KJi) ai e locale, / adjoce, It 10 Ihe
1111c/elfs. Colle(/ Itineto, life/e, find spaces ale also see, I. 71,100d-/!he siriic!ifres
ale Seeii ill Ihe 1,131ofe Spaces
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FIGURE 10 to 13. K, ,I"top/o313 @11d 1111c/a' of T. c, !, 31' 90 111' alley trails/e, ' to
drph"SIC aired^^,,, I. Tile lulle!o, 111c/ei' (K, ,) are close to the 1111c/e, ' (N). Tile
spaces 1113i'd" (SI) alld Dirts, 'ofe (80) the killetop1"$1 "IWC/ope (e, ,) ai e silla//ei Ih@,!
PI'e"10,131y shoat, I. bb. basal body(or 61ephtt, oninsi)
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FIGURE 14. Tile c, 'lift^^^^10,111 (C for",) of T. CIMs!' 90111 allei flails/'ei to
,/^>hasi'c 711edr, !,". No space is seen 111 the June/DPIns!. fib, basal body (o1 61e-
phnrop/asi)

FIGui{E 15. DIDi'atJig frilleto, incle"s (K, I) o1 T. gn, ,!bibise. Tile jig!I, ako
shotus a chiphcai!'jig base, "e, ,! plate (Bp)

FIGURE 16. Kille!o1/11c/errs (K, ,) of T. gull!bJti, se clie, expos!, Ie to p-Rural11th!e
T/!a lulleio, Incletts has 11 ag, ,!e, ,led (K, I) and Ihe lulleiop/us I ,,!"elope111 1/10/13e

(elf) has d!tappenred, bitt the e, Jueio/, e ,,!e, lib, nile close to the hose, ,fell/ 1,101e is
14,111,117ed. ei, , 1,111etop/RSI e, ,"elope
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