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apstiact: The electrop-dense TA8A in the kicctoplast of Lebshaeania is in the Torm of o narmow baned
e vather uniferm anteropesteciorly dicccted fierss Inoone strain of bt dsoluted from Pliefar-
v sveguineriae e Panama the DNA of the Kinetoplast appeared Do dreegonlar amteroposteriocys
divected filers and masses after Os0y fisation,  After Byvter-Kellenberger fixativo e DNA appeased
aw wvery fing fibeils that Fidled the kinetoplast, Becaose of this diffecence, as owell as ditferenees in
sross morphaleoy amd inmroseth pattern i the sand fly hest o i coneluded that this steain is nal Fedsfi-
reeeine Tt iw probably Critfidie sp

The  close similarity betwecn the insect brought to the University of Minzesala where
stages  (proanastigobe,  oare and  Wallace,  clectron microseope shwlies were conducted,
LREG) ol Lebsfiania and owemoxenons inscet This paper presents g comparison ab seven
parasites of the genus Lepdomonas and related  steaing isolded fram wilidl-cmeeht sandflivs and
sonerd has boeen noted eeer sinee they were one Froon o buman cotaneous lesion,

First stuclicd, No o generie morphological cri-
terion for promastizotes ol Lelsfomanida is koown
ancl infectivity tests with Liboratory mammals
provide the only certain means of dilterentin-

MATERIALS AND METHODS

The wetheds of Gselation, eclbire, and acdinal
inoculation e Pananm were given by SloConnel]
[LH830, AL the Usiversity of AMinnesota the conl-
tion thougl dmanoasdiffosion fests are promds pires woere naimtained an Dieend angd Herman's
e, Clark and Wallace {19607 Tound that the (18340 oeopeptone medivm mocdified as Follows:

ulteastroeture of the kinctoplost showed differ- Buavt Neapepione 2y
ences hetween menoxenons nsect parasiles of Nacl 0.6 2
Woater Lk ml

the genera Herpetomenas and Orithidia aa .
b ol } i This constitnees the brothe whicl forms the over-

the heteroxenous Pragpanosoma and Leisfimania, law aomed the Tase for the amer. Foroche aoar base
I the search for :I:l|||l'.t”:\-.' et Phichor- oy o gar wore acdded e 1000 ) of brath which
omens sandilies the stafl of the Leislhmaniasiz was tobed in 5-ml guantitics in serven-cap clbimie
Project al the Gorgas Memorial Labargtory, bibwes aned antocheeed. T each tube of nelted
Pavama, dissected over 70000 wild.caneht Lo cooled 1o 50 C, “_'> ml al “‘I,J_]“l DU HLnam
2 Tt " s e Blaancl was alded. Tabbit Blood medion was wsed
oeles curing the vewrs 1961 through TEE  foe 1l stains except two (3005 and 5443, which

YL

Dobmsan, MeConnell, and Hertig, 1983; Moo wrew beter an o blood medione,. The tolwes
Coonaeell, L9630 later anpublished data). O Were n'I>I:|I:§| in slints and 0.8 ml ':xl anboclived
ety overlay was wolded o cach, Coltores wors
: 3 ; ; P ; incubated at 21 02 and transderred cvery 2 weeks
lates were Il in seven species of sandtlies icrnseopie studies were mwde on deied smears

00 vatural infections with Jeptomonad Flaeel

fronm various localities. Pore coltures seere ob- o stained  with Giemsa’s stain and oo living area-
tained over 100 times, OF the 19 sandfly strains  fisms wsing the dark plase ot fomersion Jens,

: Far electron microscapy the Tiguid overlay fram
ey ; . Lo T-clay cnltures wos conteifuged and the orga-
inelistingnishable from these produced by Pava- piime fived far 1 he in eold 31% glutaraldelsde
magnin Tuoman straing { Leisbnande Deezilivosis o plusphate buffor at pll 7.4 Pease, 19040, Af

tested o homsters, Five resalled] moinfections

venan dofol, Coltures Fromy Pasann wore rach subseguent chanre the tobe was |_'\_-r'|‘.|iF'_|g!_'n:.|_
s fluded ponreed of . the west Flaid adebed, aned the
pellet braken vup o very cently,  Follawing fixation
= RO the miaterial was |.]'-!"..I|.{jl:.| witl glt:t:u.tfdl'll}.-‘tlt*_ [auf-
'Lf'"]umrt”l tn ]?.1!1 e research Sk for, 5 owdn, cold B-E fiative {150 Os0, Tl Teged]
:.f'.”:_ﬁ‘“ _}ll“["f”ml_ J"‘Ihm‘-l_lm;"': and 'II'L]'.HL'EL"\'; too bl G2 wiltlh veromal  secetate andd containing
[University of Minnesota ) frome the NTATRL g0y oo, Tivter et al. L8551 Tor 1 b twn

L

Heceived for poblication 12 Jaoare T8GR,
grants Al-012%]

U.o5 Public Health Service. rinses i B-B Twffer. 0.5 orenyd acctate in BaK
T Now at the Center For Znoneses Rescarch, Uni- o buffer | br o ream temperatuee, and dwo rinses
versily of Mlinais,  Addeess: 306 West High  in B-K buffer. The final suspension was mised
et [.-I'h.l:l-.l, [ G1801. with meltedd 29 amar which was allowed b baeden,

406
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Frovses =3 Electron microgrephs of kioctoplast regions of flagellates fsolated Trom sandflies, 1020
L3Ma in compact band, characteristic of leishmanial ultrastrocture of kinetoplast. 3. TN A clomped, Fig-
ure L. Strain 2195, Ok fivation, Figure 20 Sleain 408, B-E {iwolion. Figure 3. Steain B3E, Os0,
Fixation, G000 w, Ahbreviations (all Fgures]: FI Nasellar pocket; K, Sinetoplast; AL ndtochondrice.
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Lilacks al amar conmtaiming ormani=mg woere  debn.
dirated i acetone and eimbedded deovestopal | Bvter
and Kellenberger, 19357

Somne proparations (eeterred to belowe as trested
with Ol Fixation ! were Dixed without the special
Fratires of the Byvter-Kelleuberger (12K faation.
Tl provedure was as above except that there was
o CaClloin the fisative, the pEDoof the s,
Muative was 8.3, @l the postfiation bath in urany]
soevtabe was onnditted To vither case seotions woere
b oan the Porter-Blem Mt L micratome, stained
with 298 nrany] nectate, md exsmdned with an
BCA BR300 electeon micrnscape af 300 kv oat
prdzial  magnifieation of  LG000 and  enlargel
Lhovealter phatogeaphically,

The: histories of the seven soudfly cultores aned
the one human steain stadied aee preesented
Tahle 1. Expermnental iofection of  lamsters i
sigmificant and ddentifies the ovgonizm definitely
as Leishovania sp. The pegative results with ani
il inocalitions are net conclasive since the conedi-
Lions al the experinents varied from steain to steain
amcl i s coses the amonnt ol material inoce-
ulated ar Ahe wanber of sttompts was minimal,

These elzht strains werve among e 16 struins
18 boman, 3 sand{led stodied by the amae gel it
Frosian: wethod by Schneicder and Hertis {10GH T,

They Leuned two nnminnologically cistinet mronps
al Panamanian stradns, cach of whiclh contuined
Lsthy banmean aned sonefly straing, Hioman steains
Fronm other countries formed still other gromps. 0F
the seven sandfly steaing dealt with in this paper.
Four were evenly divided  between Groops T ool
11, wehile theee {2195, 6346, anl G080 woere Tisled

a8 Tuneertging,”

RESULTS

e all strados stucied the kinetoplast, when
seen oo Iongitucdinal section of the srganizm,
appears as an oval 1o oblong sae composed of
Lo ol membegnes, The ioner oembrane is
mvaainated here and there into the kinetoplas
to form eristac, In oceasions] seetioms { Fig, 1)
anc exlension of the kinetoplast to the mito-
chondrion was seen.

I seven of the cight straing Tone strain of
Burrsne ovigin (Montesa ), four sandflv strains
which infected laoansters (2195, §103, 6217,
G430, el two which did not {3005, G2051],
the kincloplast @5 ol the same seoeral bepe,
The shape, as seen in longituding]l sections of
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the organism (Figs. 121 s a transversely olou-
cate, narvows ovale The TPNA bl s compact,
sharply delimited al its anterior aod posterior
rarging, wndd is composed ol relatively coarse
aned unilorn Tirils, Bebaeen preparations
fived with Os0, (Vg 1) and by the R-K
iFig. 2] there is little  difference.
This is the btvpe regacded azs claracteristic of
Lrelsfrnania.

Strain G344 differs inoa oumber of respects
[rom the others. At the thoe of dissection of
the arigina] insect host it was noted dhat the
[ellates  were onlike those of  any other
ptural inlection in that they were relatively
thick witls Furthenmore, the
vrawlh pattern in the sandfly gl was meosoal,
Panamanian strains of whatever origin differ
i Lheir mrowth patberns Frinn those u'p(?alh'(“.‘_-‘
ohserved by workers with Old World kada e

Fixalion

rouncled  endds.

and oriental sore, where developiment bakes
pluce ot the Manterior station,” de, o the
anterior part of the midgat, or cardia, with
ines growtl forward fde the pharynx or even
mouthparts. This pattern s also exhibited by
Pansmanian strains but the hindgut s also
involved, purticularly the thin-walled  porlion
fust posterior to the Malpighian tobules, This
short section of the hindgut, roughly trianeular
i optical section, has been called the “lind-
triangle” by the Panama group. In natueally
infected sandflies 1he hind-triangle s almost
invarialily o site ol attachmend of the Flagel-
Liles, with few o mome elsewhere the hingd-
aut, This pattern is also found in sannclilies
fol on hamster lesions of both human andd
sanddfly steains (Johoson et al, 1963} and in
sandflies artificially fed with culiures ([ Heclig
MeConmell, 1963 Strain G346
upigue amang Lhe 300-ndd satwral infections
i that the fagellates avoided the hind-triangle
ik were ghuncdant througheout the rest of the
hindgnt. Cultures were Fed artificially to both
soxes of Lwo species of laborator-reaved sand-
flies. I'. zomezi and P osewgudearins (MU
wnpullished datad. The origioal growtl pat.

anl WAL

all specimens, wilth
Magellates abondant wnd attached throughout
the posterior part of the hindognt and rectsl
ampnlla, with [ewe or none iu the hind-triangle,

tern was reproaduced in

and nene at zllin the midgut or foregol
The strueture of 1he kinetoplast of  strain
G406 g entively different from the others, The

EiE STRUCTURE OF FLAGELLATES OF SAMDFLIES &

aatline - leongituding! sections is suboireular
with the :Lni:’!l't]pi]ﬁl{'l‘im' axis VT little shicarter
Adter Os0), ixation
the TINA §s in very irvegular Fbers andd masses
which are generally anteroposteriorly oviented
bt bave oo uniformity in thickoess (Fig, 5.
After I-K Fisation the DNA appears as fine
anteroposteriorly divected  fibers that ocenpy
mast of the space mside the kinetoplast (Fgs.
4 3.

than the transverse axis.

DISCUSSION

YWhile Philebotorens of
Leen cxaminesd in the search for {lagellate

many species have

parasites inowmany parls of the world o monos-
encus insect flagellates hove been definitely
wentified.  The wast majocity of the protosos
Fomned bave been identiBed as Feiehmania spp.
Broglo sp, was veported from Poominafus by
Shortt (14925). Three species of Trypanosama
have been found 1o be transmitted by Piietol-
amus, T platgdaciyli Catonillaed ol o zecko
is transmitted by Fooparredl Adler and Theodaor
{Adler and Theodor, 19330, T bocagei Franca
of @ toad by P osgramirostris Newstead {1eng
antd Chung, 19400 and T plogllatis Hevrer ol
the vodent, Phigllodis, by Poonogeelis Shanno
fHerrer, 19421, Other epimastigotes { Hoare
and Walliee,
Trypanosoma (thougl they might he Blasdto-

196680 which are presuomahly

crithicdio] woere found by Lewis and Minte
(19600 and by Hoogstraal and Dedtlin {1964
in P parnbnd Heiseh et al, Strangeeays-Thxon
anel Lainson (19620 Found twa Phichotoms
in Biritish Tendoeas with flagellate mfections
which thev theoaght might have been Lepfo-
monas or Herpetomonas, Sherlock gl Pessia
{19661 reportod flagelldes in Poomdoropggns
Sangabeira which they did not helieve were
Feeisleagnia, Their Tlgores are Lighly sugees-
tive: af Trypanasorea. T the Panma stacdics
presumed  trypanosomes  were found o P
vespertilionis Faivchild and  Dlertig, P teing
haelenesty Newstend, Pooteapidod, Foaod 11, and
P. ylephiletor Fooand H, { Jolmson, MeComell,
ane Mertie,  1983;  MeComanel]
L9647,

The lack of vecords of Lepdomonas, Her-
petomonags, or Crithidia from
with the possible exception of the British Hon-
clurns record cited above, is remackable inoview
of their relative frequency o oother Diptera,
cepecially the mosnuitoes. This iz possibly doe

anel  Clorren,

Fhifebolomne,
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Frerees 4, 3. Electron micrographs of kinetoplast repion of shrain G346, B-K fxation, showing lin
Filarillar DINA conmnonly found in moneoeneus promastigoles from insects, in this cose probably Ori-
fhigia. . Beginning of mitochondrig] extension, G800 w0
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to the great difficolty in distinguishing these
veneri Frome the promastisgete {leptomonasd
stazes of Ledsfanaiii.

Althozh cortain microscopic dillerences be-
Poveen stradn S and the Ledshrmanie streins
fmolated Trom sanddlios were noted these were
ot i
nonleishmmanial nabore as a consideralle degree

thewselves  sulficient evidenoee of s

of vartalion: prong flee leishouoing was neded.
Bt when added to this, the distinetive growth
pattorn o Ahe hindgot of 1he insect host andd
the ultrastructure of the kinetoplast showe thad
this % nnol Leisfmanis bt that it belongs o
cne of the genera of mseet Flsellates, peobably
Crithidin,

Dsect flugellates should peenr owre or less
males and  females. Al of the
pronnasticote ar leplomonad infections in aver
TO00 dissected Phicholomuy were found 4y

coually In

fomales. This is a slrong inedication el hese

[agellates woere

Letalnriande, with the single
exceplion recogniad al dissection as wnusial.
Incleed, in all cases where the results of var-
ionas Fests oweere significant, these flagellates
exhihited leishmanial stroctore ar behavier o
[adls.
oxceptional flagellate, it may b ooted 1had
while the history ol the varions sandfly strafns
pseel fn thee present stody differed as Lo infee-
tion ol lwmsters and mnnlogica] relidion-
shipe, all exhibited leishmanial ultrastroctore
of the kinetoplast, That the single momleish-
nial infection found was inoa female rather
than in one of the 262 wales dissected Tas on
w The exteeme cavity ol this pre
soned Cleithiefia rodses the question as 1o T

Laving au! ol considevation the same

stipnbiciing

il conled madntain itself iF Phicboicnoes should
B ik ol host, This need not be the case
as Adler s 1930 anfected B
wilth Noguehis  cultures
Mopuchi and Tilden, 19260 then koown s
Herpetomnas b

Theodar
wegintesl foar ol
ey

el strains), .

bpgaeorane, wad W mscidarim. Wallace
S1AGEET revieweed the confresed history el
pomenclatore of  these enlbures Dl thei

exact identities are less importod in the pres-

enl  contest than the Tact that flagellates

Frammaephlebolamine sowrees did inlect
Plelefiet e,

Ly wivsw ol the Inck ol clearcut microscopic
criterin for tlif[{'r::ulf.iliug’ cnltired Ledsfaan i

Fronm ]]l'c:ll'.u.-cll'gnli' sl ‘I.lilﬂt']l..ill"!i anotler

eriterion woulld be very nselul. The available
evitlence .*,'trc:n_s;l}' suppeots the view that this
prurpose i oserved by the characteristios ol
the 1an A Ly i 2l kl':lc:lnlﬂ:lx‘:ﬁ s weerz wilh
the clectron microscope after 1=K Fisation,
The pictere v Dedshmarde ws Tooned i this
stucdy agrees essentially with maoe poblishied
deseriptions (see Budeinsko, IV Alesandvo, and
Trager (1964} Carnham and Burd, 18962 and
Mathlpderdt, 196430 There are nob as nany
studios of
trvpanasomaticds bor the miceographs of Clack
amcd Wallaee JESGE0T, Tnduckar 19630, Kusel,
Sloore, and Weber (196710 and onpulilished
piectures he our Leboralory shoss that the [heoos
A band after 1K Fisation and the dreee-
wlarly clueeped Fibers after Q50 Tation age
cinnimen among the inseet Tlasellates,
the kineto.
plast oy weell be related to the difference in
lile: Buceinska, DY Alesandra, and
Troger (19647 shoe that the kinetoplast plavs
a vole in the trapsformation
izl

L

the  kinetoplasts of  mwnosenons

The dilfercnee in strictore of

[istories.

Froom gl Teishi-
Filsfomaniea
donoeani in the vertebrate host to the promus-
Hoote stupge inoculture. Sclnle and MaoClie
P86 and others have shown that Trgpeno-
somme crezi, owhich las oan amastigole intia
collular stage. has o kinctoplast with o oo
pact DNA band in all stages, But the literatur
does not present s
nature ol the kinetoplast DNA in other species
of Trpponoyomeg, se oo cannol }je'm:r.ﬂi'/;:: 1

fumastigote)  stage ol

comsisten] pietieee ol e

1his wienus al o present. The Byvter-Kellenberger
Fxation i pacticulurhe effective o0 presering
thee Fines Fibrillar nature of the DNA o the
I]l'“ll\".gi,l":t.'l"ltl'_‘ '|||](,:.I|:""||F I\I\."f.l'll-l:']l. ]:l(']’l.'ll ]l.ihll.'..lil.('. ]"1“'-
ther comparative studies on the fonm af the
(3 wned oo nssocinted proteins in the kineto
plasts should he made,
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