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EFFECTS OF p-ROSANILINE ON THE ULTRA-STRUCTURE OF THE
KINETOPLAST IN TR YP, 4NOSOM, 4 GAA{B/EAiSE AAID TR YP, 4NO-

SoMA EFAAis/'

SHOZO INOKl, YOKO OZEKI and TADASUKE ONO
Department of Protozoolog\ , Reseaiclt Institutc for Microbi"I Diseases. Osakai University,
Yamada-kami, Sultan, Osaka

(R"c"ivcd May 27,1969)

UNMAN' \\'hen mice infected \\ith TITpn"OSo"in gn"!hikiise or TiJ, pailosomd eru, 1st
\^CTC trcated \\, it!\ a critical dose of p-Rosanilinc, the ultra-structure of their
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kinetoplasts was deformed, bLit other cell components \\'erc unaffected. The fibrous
inclusion of the kinctoplast \\, as partially fragmcnted in these t\^o species. This re-
SUIt \\, as quite different froin that obtained \\ith acridinc dyes. On p-Rosaniline
treatment the envclopc membrane of tite kinctoplast \\, as lost in T. gn"161tnse, but
not ill T. realisi' or in the ARosanilinc-resistant T. gallibitiise. Akinetoplastic forms
of T. coniisi' also possessed eiTvelope membranes (Inoki and Suganuma, 1964) and
akinetoplastic forms of T. grimbi'e, Ise \\, ere not viable (Trioki, 1956). These data sug-
gest that the envelope membrane is essential for the blood-stream forms of tyrpano-
somes

INTRODUC'1'101. ;

The kinctoplast of Trypanosomatidae is con-
sidered to be a self-duplicating cytoplasmic
organelle. It contains DNA and is located at
the base of the flagellum. It divides by binary
fission prior to nuclear division of the organism
(M, y. ,. at a1.1958 ; In. ki and Oreki, 1969)
A number of \Yorkers examined the 1<1neto-

PIast by electroiT microscopy and found that it
consists of a dense fibrous inclusion (kineto-

I Parts of this \\. ork \\ ere prcscnted at the 24th \\:est
Japan Regional A{eeting (Kobe) of Thc Japanese
Society of Farasitology, on Nov. 9th. 1968 and the
2nd Symposium of Japan Society of Protozoolog}.
(OSak, ) on Dec. 13th, 1968

nucleus) and a t\^o layered envelope me in-
branc (kinetoplast doublcinembrane). Steinert
(1960) .b^erred that th. corel. p, in, inb"an*
is a differentiated part of the mitochondrial
membrane. lit some species of Trypn"o30ma,
cells \\. hich have lost the kinetoplast, so-called
akinetoplastic forms (A1< forms), have been
observed. Loss of the kinetoplast may occur
spontaneously or on treatment \\, ith acriflavine
or other drugs.

100ki (1956) and In. ki at a1. (1962) rep. "red
that the rate of spontaneous appearance of AK
forms in about 170 or less in T. gainbtt"se and
about 5-67, in T. coali$!'. However, if mice
infected \\, ith either T. gainbtb?, se or T. roansz
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are treated with 5-10 ingjkg of mouse body
weight of p-RDSaniline, the rate of appearance
of A1< forms usually increases about 307
within 4-5 hr. TIT these AK forms, no kineto-
PIasts \\, ere found by light microscopy and the
Incorporation of 'H-thymidine at the site of
the kinetoplast considerably reduced
(Swine"t and van Ars, I, 1967) or coinpl, rely
st. pp, d (inoki and One, 1969). kithlpfordt
(1963) and Tinger and Rud"inst, (1964) found
by electron microscopy that acridine-induced
AK forms lacked the fibrous inclusion, but still
retained the eiTvelope membrane. Trioki and
Suganuma (1964) also demonstrated similar
structures in the AK forms of T. eon"$2'.

In a series of experiments to obtain informa-
tion on the loss of 1<1netoplasts, T. gainb!bise
and T. con"$1' were observed by electron-
microscopy at Intervals after p-Rosaniline treat-

The present paper describes the in or-
phDlogical change of the kinetoplast induced
by the dye

\\, as

An AK clone of T. e"nils!' was isolated by the single
cell inoculation technique (In oki, 1960) from p-
Rosaniline treated organisms. All these strains \\, ere
maintained by subsequent passage through ddO
mice.

merit.

p-RDSaniline purchased from Chroma-

Geselschaft Schmid & Co. , and was dissolved in
distilled \\, ater at a concentration of I ing!in I

The blood-stream form of TITpn, !o301/1@
Inoculated into normal \\'hen protozoamice.

tippe"". d (3 x 10'~' cellsjml of blood) in the blood
stream of these mice, 34 days after inoculation,
\, anous doses of p-Rosaniline (2-60 ing!kg bod\.
weight) \\, ere injected into the mice by the perltoneal

Blood containing trypanosomes was collectedroute.

at inter\, als after the d}, e injection, and \\, as fixed at
4 C for I I^" in 0013 A1 phosphate buffe" (pH 7.4)
containing 2.5 9.6 glutaraldehyde. The organisms
were collected by centrifugation at 2,000 rpm for
15 nTin. Trypanosome cells formed a film on the
top of the packed blood cells. The film \\. as re-
ino\, ed \\. ith a fine glass rod and washed for. Ihr with
phosphate buffer containing 0.25 xi sucrose, changing
the buffer 4times. Then it was stored at 4C

o\, ernight in the same isotonic buffer. The materials
were post-fixed at 4 C for. I hr with 1.5 % OSmiunT
tetraoxide in isotonic buffer, and then washed once
witl, distilled \\. ater. After dehydration \\. ith a
series of increasing concentrations of alcohol,
materials were embedded in EPOn 812 and sections
were further stained with Litanyl acetate, followed by
lead citrate (Reynolds, 1963). AJicrographs
made in a HitachillB electron microscope.

MATERIALS AND A1ETHODS

Ti'JPmioso, ,in gainb, tiise and T, JP",, o30,110
were employed in this study. The wellcome strain
of T. gal"bib, ,se \\, as given by courtesy, of Dr. Max
C. MCCowen, the Eli Lilly Researclt Laboratories,
Indiana, U. S. A. T. e"allsi (Taiwan) \\, as obtained
from the National Institute of Animal Health

(Tokyo). These strains were sensiti\, e to p-RDSani-
line. A clone of T. grimb!bise (Ssp) resistant to
85 ing p-Rosaniline per 1<g mouse bo^, \\, eight \\, as
obtained by the short passage method from the
wellcome strain by Trioki and INlatsushir0 (1959)

was

eua, 131

was

T. gall!61b, !se (p-RDSo, in^}, e sells, 'tine CIO, re)
FIGURE I. Ui, t, .eated cell at the late log-pha, e of groant/I. The e, ,"elope
111e, 1161 alle is cleai'Iy see, , and Ihe Alitetoiii!c/elfs shows the typical fibrous st, 11cti, I e
FIGURE 2. U, itI'eated cell at the 7111ddle log-phase of gi'0"th. The e, reelope
men, braiie, s 1101 so cle"I us that shore, 1211 Fig. I.
FIGURE 3. p-RDS0,11n, !e tiedted cell at the late log-phase of groanth (1.5 h,
after treat, ,leiit colth 10 Ing p-Ros. Ikg In o1!se body 00ei^fit). The hilleto, lifeletis
coilsisis of bot/I 1/6/'01, s alld frog, ,Jellied rayio, is. A1 roans shore the Ir@g, ,, elited
ray, o113. The e, reelope "Ie, ,, bra, re r's still observed.
66, basal body , All, All, eto, inclews (./16rous filch, sio, !) ,. e",, ei, "elope men, b, '@, Ie
(killetop!?, I elf ue!ope) , kid', All, eto, IWCleni fingme, it, Int, ?"ici Dinbt, !es
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RESULTS

I. T. gamble"se (p-Rosnnt'I^^e sensihbe clopie)
The general structures of the kinetoplast in
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T. grimbzt, !se are shown in Fig. I. In the non-
dividing cell, the kinetoplast usually appears
elongated or rod-shaped in longitudinal sec-

The dense inclusion (kinetonucleus) of
a kinetoplast is filamentous, and is present
within a two layered envelope meinbraite. The
envelope membrane is more clearly seen in
colts (Fig. I) in th, hat' I. g-plus. of growth
(ca 10n cellsjml of blood) than in those in the
iniddl" I, g-pha^, (.^ I-3 x 10' wilyml Fig. 2)
witlt this fixative. Moreover, the 1<inetoplast
at the late log-phase is more resistant than that
at the middle log-phase ; Ilamcly, the ab-
normality was first observed in the former cells
at a dosage of 9 ing Ib-Rosaniline!kg body
weight, while witlT the latter it was detected
witlT 5 ing!kg. with the dose range of p-
Rosanilinc used 111 these experiments, observa-
ble effects appeared only in the 1<1netoplasts,
while the nucletis and other cytoplasmic struc-
ttires appeared unaffected in orphologically.
Fig. 3 shows the effect o1\ the 1<1nctoplast of p-
RDSanilinc treatment at thc late log-phase with
a dosagc of 10 inglkg for 1,511r. More pro-

tion

longed treatment causes the disappearance of
the eiTvelope membrane. For example, Fig.
4a and 4b show the typical appearance of 1< ine-
toplasts obtained 5 lit after p-Rosaniline (10
rugjkg) injection into infected mice at the late
log-phase. As showiT in Fig. 4a, the fibrous
Inclusion was extensively fragmented and the
envelope membrane disappeared. However,
some cells retained fibrous structures beside

matertits b. ing frogmant. d (Fig. 4b). If thi^
type of affected ceil divides, one of the two
daughter cells may receive only fragments of
material and cells witll only fragments may
appear in stained preparations under the light
microscope just like A1< forms. \\;heIl the
same treatment was prolonged fron\ +5 ITr to
15-18 hr, a few cells containing a rod-shaped
kinetoplast without ait envelope membrane
were observed (Fig. 5). Thcse observations
could be explained by supposing that frag-
meritation of the fibrous inclusion takes place
only on synthesis of 1< inetonuclcar materials
after p-Rosaniline treatmeiTt and not in resting
cells

190

T. gainbJt, ,se (p-RDSn, Jini, e sells, '11be CIOJie)

FIGURE 4a. and 4b. p-RDSa, 11'1^}re treated cell at the lute log-phase of groanth
(5 fry after ti'eat, ,lent with loing!/tg). Greatei Irag, ,, e, !folio, , r's o63ert!ed
(", lores). Flag, ,, elite of legr'o113 hatie 110 1/6/0113 styi, chile. No!e the dimppe@-
in, lee of the eii"elope ,"e, ,16rn, Ie

66, basal body, 11, fagelli!", , I'll, Iu, leto, MCIe"s (fib, o1, s inch, $1'01, ) , frill.
Allieto, IIJc!e@I'11'ag, lieJit, 1111,7111'c, 'otwbi, /es

BIKEN JOURNAL V01.12 No. 3 1969
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2. T. gamble, Ise (85p) (p-Rosani'fine I'est'sinni
CIO"8)

The general structures of the kinetoplast ill
this resistant clone are indistinguishable from
those in the original sensitive one (as Fig. I).
The appearance of the 1<1netoplast afterp-Rosan
11ine treatment (10 ingjkg) is shown in Fig.
6. Fragment at jolt of the fibrous inclusion oc-
CUTS Just as in the sensitive clone, but no dis-
appearance of the envelope membrane was ob-
served, even when high doses of dye (20 ingjkg,
40 ingjkg and 60 inglkg) wer. administer. d.
Fig. 7 shows that after treating the kinetoplast
witlT 60 ingjkg dye for 4 In' it still ITas an en-
velope membrane.

3. T. etiniis?' (AIMetop/asti'c 101'in CIO"e)
For comparison of T. con"$1' and T. gainbit"se,

T. coalisi in mice were also treated with A
Rosaniline (10 inglkg) for 4-SITr. Fragment a-
tion of the fibrous inclusion of T. cod"$1' also

occured but not disappearance of the mein-
binne (Fig. 8). \\'han tire colts wer. .xpo^. d
to p-Rosaniline for 15-18 hr, the envelope
membrane of the 1<1netoplast persisted as a
" ghost " and the fibrous inclusion was replaced
by fragmented material, as shown in Fig. 9.
Similar observations have been made by many
investigators with acriflavine instead of A
Rosaniline employing other species of trypano-
somes (Miihlpfordt, 1963 ; Vickerman, 1963 ;
Trager and Rudzinska, 1964 ; Steinert and van
Asse1,1967 ; SImpson, 1968).

4. T. reapis, ' (akzhetop/dst!'CIO, 'in clone)
In tire alertro, , ini. "ogreph (Fig. 100, th,

fibrous inclusion appears to be replaced by
fragmented material, just as in the 1< meto-
plastic form of T. eoniis!' treated with p-Rosa-
niline for 15-18 ITr (cf. Fig. 9). Similar ob-
servations have already been reported by Trioki
and Suganuma (1964).

T. gal, 161bJise (p-RDSn, !Jinie sellsil^^e CIO, 14

FIGURE 5. p-RDSn, Jim!e tieoted cell at the lute log-phase of groanth (15 in
of tel' 11'eat"Ie, 11 arith 10 ,,, giltg). 111 this pi'coal'@11'01!, cells reele fixed I, I 11ype, '-
tonic find. T/lis cell illay be dead, $1, !ce 110 PIOs, ,101ys, \' takes place.

T. gumb, bise (85 p) (p-RDS",,, Tille Iesistn, ,t CJD, !e)

FIGURE 6. p-Ros@, 11'1^}Ie t, 'eated cell at Ihe late log-phase of g, o001h (4IIJ riflei
t, 'eat, ,tent with 10 lingj/eg). Frug, "e, ,tatz'o11 of the Ahieto, Incleus occi, I'S, but the
eii"elope ?"e, ,16r"lie still rein@ills (of. Fig. 4).

FIGURE 7. p-Rosn, 11'1^>!e treated cell at the late log-phase of groanth (4IIJ
after treat, ,rel!t coit1, 60 nulltg). The e, reelope Ine, ,16r@, re $11'11 Teijia, ', is.

66, basal body , All, killeto, inclei, s (11670, ,s inchisi'o71) , e, ,I, eJi"elope ,"e", 61'",, e
(killetoplast e, 10010pe) ,' kid, 1,111etO, INClenr 11'"911e, it
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T. e"allsi to $11'din of kille!DPItts!, c10,111)

FIGURE 8. p-RDS"1111^, Ie tied!ed cell at the Iaie log-phase of gi0"1/1 (1.5 111
onei' treat, ,leiit cor'1/1 10 Ingj/tg). F1'rig, ,fell!atio, I of Ihe An'ei0,111c/elfs (",'1'020$)
alld the reinniiiJ, Ig e, reelope 111e, 1161'tille ale o63ei"ed

FIGURE 9. p-RDS0,11'hire lientet/ cell at the Idle log-PIiase of glowt/, (4111' of!ei
11'earnie, 11 rel'!/, 10 ling!kg). Gi'e"!er 11'ag, ,!ei, intr'o11 i's o63ei'ued, bill the elf"e-
lope 111e, ,, bin"e does 1101 dimppeni' (<I. Fit'. 4).

66, basal bodyi, 17, ./loge//1,111, It11, lulle!o, 111c/ei, s (1/6/'01, s 111c/1/3/01i), e, ,I,
ei, "elope lire, ,, 61'nile (A1}!e!Dpinsi elf"elope) , 1,141, Afireio, life/eoi' 11'0g, ,!elf t

194 BIKEN JOURNAL V01.12 No. 3 1969



,11) "' ' ' '

~*

4

\* ..

\
\,

.,,.

.\.
.

INOKi, S. et al. Effect of p-RDS@", lime on Kt'"etcpl@st



T. e"tillsi to $11'nili of An'eiop/asti'CJDJ "I)

FIGURE 10. p-RDS0,11'1^I e treated cell at tile Idle log-phase of gi'Darn, (16 111'
alley 11'eat"fell! rein! 10 111g!/tg). Tile elme!ope 111e, ,161'alle still pel'sins. Tile
frilleto, ,!, c/ei, s 13 I'ep/"cert colth flagi"e, !led 111ntei'in/ (,!o, 761'011s $11'11c!flies.
of. F1j. S)

T. e"airsi (all est"binhed AK/b, .,,! CIO, !e)

FIGURE 11. Onlyenled cell at the Idle log-phase by' gi. o2.1h. Tile erJ"elope
111e, ,16rn, !e is clearly o65ei"ed. AJI elec!I o11-dense Innss 6111,10 1101 111n/ killer o, 111-
del!S I', s", 11 (a, 'ro, ")

66, bus"/ body, ei", ei, "elope 111e, ,, braiie (kille!DPInsi e, I"elope) ,' It, !/, lulleloiii, -
clear 11'rig, ,rel!I, ' INt, 111icr0!1461/1es
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DISCUSSION

it has been shown that acriflavine-induced AK

forms lack a 1<1netoplast DNA structure but
retailT the kinetoplast membrane (Miihlpfordt,
1963 ; Trager and Rudzinska, 1964 ; Steinert
and van Asse1,1967). In the process of loss of
the 1<1nctoplast DNA structure, the tiltra-struc-
ture becomes extremely abnormal ; DNA
fibrils are condensed forming a Ilomogeneous
mass separated from the membrane by a space
of 10\\, electron-opacity (Steinert and van Assel,
1967). These observations itave already, been
confirmed \\, it I\ the \\rellcome strain of T. gn"I-
bit"se (In oki, Ozeki and Ono, Unpublished).
it was found that loss of kinetoplast DNA
occurs gradually generation by generation, re-
du. ing th* "monnt of DNAjkinetopl^st (Simp-
son, 1968).

In contrast, p-Rosaniline treatment had a
very different affect o1T the 1<1netoplasts in T.
grimbzt, !$8 and T. corvusi, as is reported here.
TIT this casc, the abnormality results in frag-
meritation of kinetonuclear materials. In many
cells, these fragments coexisted \\, ith a normal
kin, tonu. reus (Fig. 3.4,6.7,8 and 9). Th"
generation time of the blood stream form of
T. grimb, t"se or T. con"$1' was estimatcd as about
4-6 hr in mice. After 11Tjecting p-Rosaniline
him mire (10 ing p-Rus' Ikg b. dy w. Ight),
fragmentation of the 1< inetonuclci cobrous in-
clusions) was observed in a few cells after 1.51Tr. ,
and in many cells after 4-5 hr ; but even after
15-18 hr, a fewl<inetonuclei stillremaincd (Fig.
5). These facts may be explained by supposing
thatp-Rosaniline dye acts only on the synthesis
of kinetonuclear materials, but not directly on
the kinetonucleus in the resting stage. 1<ine-
tonuclear materials which fragment may con-
tain, some other components of 1<1netonuclear
materials, such as proteii\ on and RNA, rather
than kinetoplast DNA since no DNA fibril
structure was demonstrated (Fig. 4.6, 10 and
11). The following observations also support
this possibility. In the AK forms of T. roansz',
the fragments observed inside the envelope
membrane were Feulgen negative. Moreover,

on treatment of T. gn"Ibitnse with DNase
similar fragments were not dissolved, while the
fibrous structure persisting in the kinetonucleus
(normal appearance) \\, as completely destroyed
(to be published). These observations imply
that ARosaniline acts specifically on the syn-
thesis of kinetoplast DNA.

If cells containing fragments and part of the
normal 1<1netonucleus (suclT as the cell sho\\. n
in Fig. 4b) divide, one of the daughter cells
may receive only fragments. Such a cell \\, ill
probably appear as an A1< form by light micro-
SCOPy. This may explain the previous data by
100ki (1956) that th" rune of "pp, aran, . of th"
A1< forms was about 307,411r after ARosani-
line treatment.

11T this study, we found that the 1<1netoplast
envelope membrane ITad disappeared in most
cells of the sensitivc clone of T. grimbztnse at
the late log-phase of growtlT by 4-5 ITr after
treatment withp-Rosanilinc (Fig. 4a, 4b and 5).
The A1< forms of this species are 1<nowiT to be
n. mulchl, (In. ki, 1956). On th. other hand,
in the ARosaniline resistant clone of T. gain-
hie, ,se (Fig. 6 and 7) and T. codnsz' (Fig. 9 and
10) the envelope membrane did ITot disappear.
Likewise in the A1< forms of T. e"an $1, 15-
RDSaniline-induced A1< forms and an estab-

lished clone of the A1< form, the envelopc
membrane did ITot disappear, and these AK
forms were all viable.

These facts suggest that the 1< inetoplast en-
velope membrane of these flagellates has some
essential function related to their viahinty.
Since Steinert (1960) revealed that the kineto-
PIast of Trypanosomatidae is a differentiated
part of the large, single initochondrion, the
kinetoplast membrane might have some of the
same functions as the mitochondrial membrane.

In the blood stream form of the trypanosomes
employed in this experiment, a simple tubular
initochondrion with scarcely any CTistae is
found extending from the kinetoplast to the
poster 10r end of the flagellate. Schnaitmait at
a1. (1967) showed that monoamine oxidase is
located on the outer membrane of the inito-

chondria in rat liver, while cytochrome oxidase

198 BIKEN JOURNAL V01.12 No. 31969



is located on the CTistae and inner membrane
of the mitochondria. This suggests that the
blood stream forms of T. gainbitiise and T.
cod"$1' do not ITa\, e so n\uch cytochrome oxidase
in their kinetoplast. If monoamine oxidase is
located on the kinetoplast outer membrane, its
disappearance inigltt cause respiratory defects.
SImpson (1968) considered that \\, hen Lei'sh-
inn, lzh tareiito/, re is treated \\, ItIT acriHavine, loss
of 1<inetoplast DNA leads to a respiratory de-
fect. This study, howe\, CT, suggests that dis-
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