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Dispersal of the Phlebotomus papatasi in the Jordan Valley

The sandfly Phlebotomus papatasi (Diptera: Psychodidae) is

the main vector of cutaneous leishmaniasis in the Jordan Valley,
where 1t enjoyes a close ecological relationshio with the main
reservoir host of the disease, the burrow dwelling send rat

Psammomys obesus. In recent vyears intensive agriculture h:s

changed the physical features of the Jordan Valley environment-
the natural habitat 15 receding as more land is cultivated. Most
agricuitural fields l1e fallow during the summer months.
Nevertheless, many =andflies are Lo be found crossing them.

The dispersal of sandflies has been studied In  the past,
mainly with the mark-release-recapture technique. The' overall
picture resulting from these studies 1s that candflies are
generally sedentlry but they may travel from 200 to 2000 metres
during a night.

Assuming that samples trapped existing burrows consist of
both disp'er‘sx'ng and non-dispersing flies, whereas samples trapped
over the fallow fields would contain mainly dispersing flies, we
compared them 11n order to characterize the dispersing population,
The parameters used for comparison were proportions of males and
females in the two populations, nutritional status, and in the
females - parity, ovarian development, insemination and infection
with Leishmania promastigotes.

In all the comparisons between flied caught over +the bare

n



field and those existing burrows a slgnificant difference was
found. The ratio of males to fen les in our laboratory colony and
in  numerous samples i{rom burrows does not deviate significantly
from 1. In the bare field the females constituted 76-68.54 of
the various samples, a consistently significant departure from
the expected 50%, which allows the conclusion that dispersal is
mainly a female activity in P. papatasi.

From the data presented in Table t it is apparent that
gravid, blood fed females do not disperse; 26% of those exiting
burrows were in stages 1II-V of the gonotrophic cycle, as opposed
to 11.6% of the dispersing ones. The sugar feeding status of the
blood fed females exiting and entering burrows (Table 3)
indicates that the main reason {or their activity outside burrows
18 .sugar‘ feedinyg, which exXplains the short duration and
localization of this activity. Blood fed females who test
riegative to anthrone are young females who takKe a blood meal in
the burrows before taking a sugar meal, and are compelled to exit
the burrow during the digestion of the blood meal in order to
find a sugar meal,

On average ©55.47% of the dispersing females were pareous, as
opposed to 394 of those exiting burrows, which 1nd1cate§ that the
age of the dispersing flies {s higher, an< that they have already
successfully completed one gonotrophic cycle. The insemination
rates of burrow vs. field caught females points to burrows as the
mating centres. Leishmania infections were found in 9% of exiting

females, and 2.2« had no vestiges of blood in their gut. In the
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bare field 2.6%4 of the females examined were {n a similar
condition, and none were found who had not completely digested
the infective blood meal, so that the proportion of host seeking
infective flies in the dispersing population was not
significantly different from that of flies exiting burrows. As P.
obesus 1S practically the only source of Leishmania in this

region, and these rodents (or their tracks) were never seen in

the fallow fields, 1t is <certain that all Leishmania infected
females dispersed away from theiry buriows. It was found that in

Turkemenistan the dJispersal of P. caucasicus and P, papatasi was
limited by the avatlability of burrows of the great gRrbil

) ) 0
Rhembomys opimus and i1n the new world several species of Lutzmyla

do not cross bare, arid clearings 1n  the rain forest. It s
possible that in the Jordan Valley the abundance of humid,
fertilized fallow fields  enhances the tendency of P. papatasi
females to disnerse, therefore increasing the risk of infection.

Several worKers have suggested the creation of a cordon sanjtaire

devoird of rodent Dburrows around human settlements in endemic
areas. This may be 1nadequate even if they are wider thath the
nocturnal flight range of the vector, if suitable shelter (other
than 1rodent burrows) may be found in them. The blood fed females
exiting burrows 1n need of a sugar meal are a more suitable
target for control, in as much as the target population
(Leishmania infected females) presents itself in a well deflned
area (near burrows) with a well defined appetitive behavior-

sugar feeding.









le 3- Fructosex in guts of blood fed and non-blood fed female

Phlebotomus papatasi exiting and entering sand rat burrows,

Behavior Bload Ho. examined 7 Positive
fed (#S8.D)
Exiting + 52 38, 44,2
Burrows - 46 78.2:5.7
Entei-ing + ’ 49 93.843.9
Burrows - 48 81.2:6.8

- Determined with cold anthrone,.



Oviposition diapause and otner factors affecting the egg-laying

of Phlebotomus gapatasi in the laboratory

The maintenance of a sandfly colony is tedious and
precarious as 1s evident from the variety of methods described

since the first successful breeding of Phlebotomus papatast

(Scopoll) by Wittingham & Rook (1922). One of the main problems
is the death of {emates before or during

oviposition and th2 ensuing loss of egese and adults. our initial
intention was to study the oviposition response of F. papatasi to
stimult 11n the closed environment of the cages, however, during
the work we encountered the appearance of oviposition diapause,
l.e. the retention of a very large proportion of the eggs by
gravid females towards the winter. The phenomenon was relevant,
and the study was extended to inciude the observations on the
influence of light on the diapause.

The degree of retention of cges by females apparently
tndicates a variable reaction to release and inhibition stimuli,
which modulate the process of oviposition. Hence, in addition to
the significance for breeding, the oviposition
control system 1is an Interesting aspect of behavior.

Therefore, this study was undertaken to elucidate thie
aspect of the Dbiology of P, papatasi as well as to improve the
method of culturina,

In this study we have observed that the rate of oviposition



by P. papatasi females is initially a seasonal phenomen since egg
retention occurred at the onset of winter under standard
insectary condition.. nAposure of gravid females to various
environmental stimuli demonstrated the tnfluence of such factors

on the degree of oviposition.

Oviposgition promoters

Oviposition of . papatasi was increased to a  highly
sigmficant extent above control levels using two Kinds of
stimull:  availlability of furrows or serrations of “egg niches" in
the plaster csubstrate  of  cages, and the presence of aged cow
manure (larvel medium) or  a  combination of both these factorn.
The garealest number of ~aps, around q0/female/weeKk, werc obhtained
I the  presence of manure regardless of the structure of the
plaster (Table 1. Preference for furrowed surfaces of the
oviposition substrate  was  apparently a  reaction of Lhe rovghened
texture of the plaster of Paris  since, smooth agepressions made
while the plaster was soft, had na such effect (unpublished
data). A similar physical distinetlion belween surfaces occurs
with mosauitoes; for cexample Aedes vexans prefers laying among a

certain size of sanaG particles,

Increased oviposition did not cause higher fly mortality.

This indicates that the series that laid significantly more eggs
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than controls, following exposure to manure or furrowed plaster

(Table 1), had a higher survival rate at oviposition.

Oviposition inhibitors

Reduction of oviposition occurred when larvae or pupae were
present in the cage and when the flieE were confined in a smaller
volume. With larvae present oviposition dropped about a half of
the control rate of 15.0 epgs/fly/weeks. The effact of larvae
apperently diminished to some extent during the experiments, as
many died, pupated or were cannibalized. It is interesting that

mosquilto larvae of many species have the opposite effect and

produce aviposition altractants,
The c¢ffect of presence ot pupae on oviposition was smaller
and limited n e, tring significantly different from the

control 6.2 vs 11,0 eggs only on the 4#4tLh day of the experimentg

(Table 2).

The reaction of [flies to confinemant in a volume smaller
than that of controls was similar vhether they had a standard
surface area or half of it available for oviposition. In each
case most of the oviposition occurred until the third day (Fig.
2) and the weekly total was only about 5 eggs/female whereas
controls in larger cages produced 12.5 eggs/female/week. As we
have found that reduction of fecundity is an effect of the
crowding of gravid females, it is necessary to further
investigate the optimum living space required for P, papatasi

adults in insectary cages.



In these experiments the reaction of flies to the various
test conditions was expressed in the degree of oviposition. Egeg
laying in nature is preceded by a search for a suitable site.
Larval survival and maturation of adults will be achieved in a
breeding site that includes larval food, humidity, physical
proterction and low Jlarval density. Such {factors would be wused as
cues 1n the search behaviour guiding the selection. Hence, the
experimental factors which stimulated or inhibited oviposition
would under natural conditions d{function primarily as attractants

or repellents in  the search for a ovipnsition site,

Seasonal rate of onviposition

Comparison of the «control =series during the months from
April  to Decemberr demonstrated that oviposition of P. papatasi
was subject to seasonal variation. The average number of eggs per
female between April and mid-October ranged {from 1.5 to 186
dropping to only 1.4 eggs/female/week after mid-October. For this
extreme reduction in the ovipogition we suggest the term
oviposition-diapause,

These changes took place in a stock of P. papatasi
maintained in constant conditions of 289C temperature, high
humidity and a summer photoperiod of 17:7 L.D. The rate of
oviposition of P, papatasi in the laboratory is thus evidently
controlled by a circannual rhythm. It (s interesting to compare
the abundance of P. papatasi in nature with.the rate of

ovifgosition in the laboratory. It seems, that the increase of



oviposition in August (Fig. 5) gives rise to the build up of peak
populations of adults in September-November (unpublished
observations), whereas the decline of oviposition in November
precedes the winter disappearance of adult flies in the Jordan
Valley at about the end of December. The seasonal rhythm of
oviposition therefore seems to be an important factor in
determining the seasoral density of P. papatasi adult populations
in the field. This phenomenon of oviposition-diapause may be an
over-watering mechanism, possibly comparable to the gonotrophic
dissociation which occury in, for example immseminated female
mosquitoes of the Anopheles maculipennis Meigen complex.

An  anfinite number of variations 1n timing, ntensity and
duration of treatment with irradiation are possible and those
used in the experiments werre  chosen randomly. The results do
however demonstrate that oviposition diapause can be broken by
ultra violet light. UV an  the sunlicht that reaches the earth is
of waves louger than 300 nm. Comparison of the UV maximal
intensity during the vyear in Jerusalem and the monthly averages
of oviposition of P, papatasi demonstrate a good correlation
(Fig. 5). Furthermore, between October and April, there is no UV
in  the sunlight wuntil 89% hrs or after 16.°° nhrs, Thus very
little UV irradiation can reach P. papatasi adults when they are
active at dawn or dusk at <che end of the sandfly season. It is
therefore tempting to suggest particular wavelengths of UV light
set the cycle of ovisposition-diapause of P, papatasi, This

o
differs from the way that phtoperiod, in the form of dav-length,
»



Joverns winter diapause of many organisms, for example the
mosquito Culex pipiens L. in Israel,

Since this 1is the first observation of oviposition diapause
in  sandflies, 1t 15 not yet Known whether it occurs in species
other than P. papatasi and whether this phenomenon is correlated
to larval diapause. FPessibly UV  light 1is the primary cuve for both
diapauses and this  possiblity could be investigated in a species
such as P, papatasy 1n which larval diapause could previously not

be interrupted,

Cooperation

The method of marking sandflies by feeding of sucrose bait
containing {food dyes 15 employed in Kenya for the study of
dispersal and other aspects of sandfly behaviour. This worKk is
carried out by a  Ph.D. student guided by Dr. M.J. Mutinga.
Further developments 1 the research indicate the plausibllity of
Using  the sugar  baits with control agents, I 1ntend to suggest
to Dr, Mutinga to carry out field trials in Kenya 1n the near
future. The continuation depends on the possibility to extend the
use of the funds allocated {for travel beyond the three vyears
period,
Publications:
Schlein, Y., Borut, S. and Jacobson, R.L. 1989. Oviposition
diapause and other factors affecting the egeg laying of

Phlebotomus papatasi in the laboratory. J. Med, Vet. Ent. in

press.

10


http:Int.errupt.ed
http:apat--j.si

Yuval, B., Warburg, A. and Schlein, Y. 1)89. Leishmaniasis in the

Jordan VallKey. V. Dispersal of Phlebotomus papatasi (Diptera:

Psycheodidae). J. Med. Vet. Ent. in press.
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Fable 1. Average one-week oviposition of P. papatasi females on substrates with
: different treatments (April-October).

Experiment Control
(plaster with treatment) (plaln plaster)
Treatment Day Hean SE Meaxs SE P
Furrows present, 1 1.6 0.87 0.9 0.45 NS
Cow manure absent 2 2.5 0.93 1.6 0.72 NS
3 5.2 1.84 2.9 0.57 NS
4 8.4 3.39 3.5 0.64 NS
5 15.1 h.77 5.3 0.38 <0.05
6 19.8 3.66 6.7 1.08 <0,005
7 29.6 1.38 10.2 1.96 <0.001
Cow manure present, 1 16.9 Wy 7.1 2.58 NS
furrows absent ? 70.3 3.3 1.7 2.62 <1).02
3 25.8 4,0 9.5 2.04 <(.0]
hy 27.9 3.47 10.2 1.81 <0.002
5 33.9 b9 1.4 1.9 <0.005
6 36.8 5.39 14,2 3.54 <0.0t
7 39.7 3.63 28.6 5.31 <0.02
Cow manure and 1 12.0 3.47 7.2 3.00 NS
furrows both present 2 1.0 .77 8.0 2.98 NS
- 3 25.7 5.1 8.9 2.85 <0.05
h 29.8 h.31 9.0 2,81 <0.01
5 3.4 h,37 9.k 2.82 <0.005
6 39.1 3.04 13.5 h.6 <0.002
7 40.9 2.4 20.9 6.33 <0.01

SE Standard error
NS Not significant



Table 2. Average onc-weck oviposition of P. papatasi females in presence
of 3rd - hth stage larvae or pupae compared to controls
(April - October).

Experiment Control
Treatment Day Mean sE Mean SE P
Larvae 1 0.4 0.3 0.2 0.14 NS
2 0.5 0.3 1.0 o.hb6 NS
3 0.6 0.31 3.4 0.74 <0.01
4 0.9 0.31 6.5 1.8 <0.01
5. 1.4 0.52 9.1 2.1 <0.01
6 4.3 2.5 12.3 3.37 NS
7 7.7 4,05 15.0 4.73 NS
Pupae | 2.4 1.26 5.6 2,55 NS
2 3.4 1.21 6.0 2,61 NS
3 5.0 1.19 8.7 1.87 NS
4 6.1 1.04 11.0 1.56 <0.,05
5 9.2 1.09 . 12,8 1.72 NS
6 14,2 1.89 17.0 3.33 NS
7 16.7 2.29 21.8 5.39 NS
SE standard error

NS not significant
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The subjects of study are specific and scientists with wide
Knowledge in parasitology are not necessarily acquainted with the
problematics. The summary was therefore extended to include some
of the background and previous results which are needed for a

rational presentation.

Effects of blood meal on the wvector potential of Phlebotomus

papatasi

The development of Leishmania in its sandfly vector is
restricted to the alimentary canal. Hence, the subsequent stages
of parasites are exposed to a varying medium consisting of the
ingested food, induced secretion of enzymes and products of the
digestive processes, . The interacting factors foverning the
vector’s competence can, thus, be classified into two categories:
the 1nnate capability permitting the development of a glven
Leishmania that results from phystological specificities, and the
composition of the food taken.

The resistance of vectors unable to support the growth and
transmission of Leishmania other than the one they transmit
naturally has been described several times. However, there has
only been one early study (Adler, 1{938) which was aimed at
investigating the phenomenon and which demonstrated that
components of the blood-meal induced vector selectivity. Adler,
using artifictal feeding, showed that a non-transmitted

elshmania could survive {n the sandfly following 1infective meals



of erythrocytes and saline, whereas following meals of serum an;j
saline, the number of flies with parasites was inversely
proportional to the amount of serum.

In the sandfly gut, the levels of proteases rise after the
ingestion of bicod and they could be effectors of Leishmania
selection. We compared the effects of the naturally transmitted
L. major and of L, donovani, on the gut enzymes of Flebotomus
papatasi, using gut homogenates of artificially infected flies
and uninfected controls as enzyme preparations. The digestion of
ci#% jabelled globin substrate by preparations from flies fed 24
hrs earlier on serum containing L. major was about a third less

than that of controls, while that from flies infected with L.

donovani{ was about one third greater. When added to control
homogenate, in 1tro, promastigotes of other species promoted

proteolysis (Schlein and Romano, 1986). Similar preparations of
flies fed on rabbit blood were used in further experiments, in
which the relative quantity of trypsin-like enzymes was measured
at different times after the infective meal (Borovsky and
Schlein, 1987).

The overall amount of the enzymes in L. major
Infections was reduced to 50 and 34% of the controls, 20 and 30
hrs post-feeding and increased to 1847 at 52  nhrs. The general
levels measured for flies infected with L. donovani did not vary
considerably from the controls, however, the quantities of
different enzymes that were measured from gel-electrophoresis by

densltometry were different, The greater effect of L. major leads



to the suggestion that the massive manipulation of gut enzymes by
this species represents its dafence mechanism against enzymes of
its vector. To substantiate this assumption, it was necessary to
demonstrate that the trypsin-liKe enzymes of P, papatasl were
harmful to L, donovani. This was confirmed by adding 1% soybean
trypsin-inhibitor to Infective meals, which resulted, 3 days
later, 1n 63%Z of the flies harbouring L. donovani compared to the
control's 107%.

All  the experiments to Investigate the fit betwean vector
and pathogen were carried out wusing the blood of cne host, the
rabbit. However, there s evidence that the choice of host can
also alter vector competence, as shown by the death of L. major
In P, papatasi that fed on turkey before or after the infective
meal (Schletn et al, .1983). Chicken blood given 24 hrs following
an linfective meal of parasites in saline had a similar effect and
no parasites were observed in flies dissected 3 days later. As
with L, donovani, 1t appeared that trypsin-like enzymes were
responsible for the vector's resistance, since the infection
Succeeded 1in 63% of the flies, when 1% soybean firypsin-inhibltor
was added to the chicken blood-meal (unpublished data). According
to these results, it appeairs thatl even the adaptation of L. major
to P, papatas{ is limited and it cannot cope with the composition
of trypsin-llke enzymes elicited 1In this sandfly by avian blood.

We have previously shown that Phlebotomus papatasi that had been

fed on sucrose solution was capable of transmitting L. major.

Since with this diet the parasites were able to complete their



cycle it was of 1interest to observe the

media on culturea parasites.

In  experimental sucrose solution, L,

divide and multiplied by 38-46%,

are forms present in late stages of

Phlebotomus pPapatasi. They constituted 79%

sucrose medium, but a maximum of 154 in NNN.

transformaticn wvaried as a function of the

started culture. Motilicy was lost in

retained 1n a mixture of sucrose and

latter mxture, the parasites exhibited

attachment to the substrate and

flagellum similar to those occurring in

Parasites from sucrose mediur and

similarly, whereas those from NNN reacted

monoclonal altibody. It 18 suggested that

in sucrose media resembles this process

L.ma jor:

Marking of Phlebotomus papatast by feeding on

baits

sugar

‘There is no information on the actual

sugar meal of saandflies, except for the

laboratory P, papatasi feeds selectively

honeydew (Schlein and Warburg, 1986).

interaction suggested the possibility of

feeding them on dyed-sugar baits in the field,
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sprayed baits would compete with naturally available sources of
food,
P, papatasi occurs {n great numbers in the burrows of the

sand-rat Psammomys obesus in the endemic focus of leishmaniasis

in the Jordan Valiey. We sprayed sugar solution mixed with 1%
food dye wun piants in & limited area around the rodent colonies
and the flies were afterwards caught with CDC light traps. The
dye marked an average of 25.9% 504 and 32.9%4 of the P, patasi
caught respectively after the 15t 3rd ang 6N pight  following
spraying. The usual method for studying sandfly dispuersal is
based on the application of dyes +to captured flies, such marking
interrupts the normal behaviour of the sandflies and the
recapture is usually low.

The present method can be used {for several purposes in the
study of sandfly behaviour feeding and dispersal. Jt could also

be wused for the assessment of control agents that will be added

Lo the sprayed solution. The i(nfluence on caught flies can be
observed back in the laboratory, using unmarked flies as
controls.

The development of sandfiy forms of Leishmania in  sucrose
solutions

The dominant {form of Leishmania in profeinaceous cultures s
the promastigote. In the sandfly the ingested amastigotes develop
into elongate promastigotes and in P, papatasi these give rise to

a great number of infective promastigotes, paramastigotes, and



aflagellates. Faramastigotes and aflagellates appear in small
numbers in cultures and were considered degenerate. In the
sandfly the parasites develop first In medium of the infective
blood meal and then in the subsequent sugar meals. This study was
undertaken to see whether development of the specific sandfly-
forms of Leishmania «can be imitated by exposure of parasites
reared in NNN medium to sucrose solution. The medium used was
sucrose solution alone or 1in mixture with Ringer’s salt solution.
The parasites were initially grown in NNN medium and starters of
sucrose cultures were taken at different stages of the
development. of the NNN mother culture. In  sucrose solutions L,
major continued to divide and multiply by 38-46% Paramastigotes
and aflagellates constituted 79% in sucrose medium compared to
maximum {57 In NMNH starter cultures. Motility was |Inst in sucrose
solutions but it was retained in a2  mixture of sucrose and
Ringers' solutions. In the latter, the parasites exhinited
transformation as well as attschment to ther subsirate followed
by thickening of the flagellum. The thickening appeared similar
to the hemidesmosomes formed by attachment of the flagellum to
the cuticle 1n the gut of the vector. The transformation of L.
major i{n sucrose solution resembles, and is apparently similar to
the development in P, papatasi.

It ts difficult to study the Leishmania forms in the sandfly
as the infection of flies and harvesting of the parasites are
complicated and the number of parasites obtained finally would be

limited, By growing in sucrose medium it is possible to obtain



greater numbers of parasites and to study their particular tratts

of the stages occurring in the sandfly vector.

Evaluation of food-dye marking in the study of sandfly behaviour

in Baringo district, Kenya

Evaluation of the food-dye markKing method for the study of
sandfly Dbehaviour was carried out in Baringo district, Kenva.
This method was developed by wus and tried successfully in the
Jordan Vallkey (see previous chapter in the report).

Bait solution of sucrose and food-dye was sprayed on the
vegetation around an antmal burrow which was the snurce of
sandflies. The extent of marking and the distribution of coloured
flies within a radius of 200 m was monitored for 4 nights. The

species caught wer  Sergentomyla clydei, S. schwetzl, S.

antennatus,

|«

squamipleuris, S, edfordi, S. africanus, S,

ingrami and S, affinis. Feeding on the bait marked 68,97 of the
flies caught at burrow's entrance. The total number of flies
caught at a distance of 50, 100, 150 and 200 m ~:ceeded the
theoretical expectation. The varied marking of species in the
different locations was discussed in the paper.

The common method for studying sandfly behaviour 1is based on
the application of dyes to capture flies which are then released.
Dispersal s determined from the distance od recapture. In the
food-dye marking the flies mark themselves by feeding on sucrose
and food-dye bait., The advantage of the latter method 1s that it

enables the observation of the normal undisturbed behaviour of



the sandflies. It s also possible to study the behaviour of
populations since the marKingd can continue for a long period. Two
mnajor problems in the epidemiology of visceral lelshmantasis in
Kenya are the {dentification of the reservoir animals and the
location of the sources of infection. Monitoring the behaviour of
sandflies with this method may hlep to solve these problems and

elucidate other aspects in the Pehaviour of vector sandflies.
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THE EFFECT OF POST-BLOODMEAL NUTRITION OF
PHLEBOTOMUS PAPATASI ON THE TRANSMISSION OF
LIEISHAMANIA AMAJOR

ALLON WARBURG anp YOSEF SCHLEIN
Department of Parasitology, The Kuvon Ceatre for the Study of Infectious and Tropical Diseases,
The Hebrew University-Hadasser Voedic i School, P.O. Box 1172, Jerusalem 91010, sracl

Abstract.  Totest the effects of post-bloodmeal nutrition of sand flics on the transmission
of Leishmania major, groups of infected P, papatasi females maintained on dicts of sucrose,
trehalose, albumin or a mixture of sucrose and albumin, were subjected to forced feeding
with capillaries. Transmission was evaluated by counting the parasites egested; numbers
ranged from O to over 1,000 promastigotes. Infections of the anterior midgut were seen in
the majority of flies from all the experimental groups but the percentage of transmitting
females was significantly higher in the group maintained on a mixture of sucrose and
albumin. There were no attached parasites in the pharynx and cibarium of the flies and
the presence of free promastigotes in these parts was not itself indicative of infectivity.
However, transmission was positively correlated with apparent inability to engorge, The
parasites cgested were typical infective form promastigotes and identical to those observed
in the esophagus and the anterior thoracic midgut.

A mechanism by which infective stage promastigotes from the esophagus and the sto-

modeal valve may be transmitted by bite is proposed.

In nature sand flies acquire Leishmania infec-
tions by feeding on an infected vertebrate host.
Transmission occurs several cays later when, fol-
lowing oviposition, the next bloodmieal is taken.!
In the interim period the flies take regular sug-
armeals, probably of plant origin.” *

Transmission of Leishmania by laboratory-
reared sand flies which are routinely muintained
on blood and artificial sugar dicts is difficult 1o
achieve and unpredictable for reasons which may
be attributed 1o the lack of specific nutritional
factors.! Under experimental conditions. labo-
ratory-reared . papatasi obtain sugars from
plants by probing lcaves and stems as well as
from honeydew secreted by plant-sucking ho-
mopteran insccts.* The contents of plant sap and
honeydew include sugars and significant amounts
of amino acids.** The constituents of sand fly
sugarmeals may facilitate the *ransmission of
Leishmania.'

We assessed the effects of some artificial post-
bloodmeal dicts on the transmission of L. major
by infected . papaiasi females. Forced feeding
of'sand flies with microcapillaries simulated nor-
mal bloodfeeding and enabled individual testing

Accepted 9 April 1986.

of a large number of infected fNies. Microscopial
observations cf the mouth parts made during
forced feeding provided us with information rel-
evant to the possible mechanism of transmission
by bite.

MATERIALS AND METHODS
Sund flies

Phlebotomus papatasi were obtained from a
laboratory colony maintained at the Department
of Parasitology, Hadassah Medical School.

Leishmania

The Leishmania major strain used was a re-
centisolate from a naturally infected wild-caught
P. papatasi female.

Artificial infections and post
bloodmeal dicts

Cultured promastigotes were washed, counted
and resuspended in a mixture of defibrinated,
inactivated rabbit blood and normal saline (4:1)
to a ninal concentration of 2 x 10% promasti-
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FiGure 1.
constricted end of a microcapillary (CP) is slipped over
the mouth parts folding back the labium (M), Sucking
is evidenced by flexing of the clypeus Garrow) and fluid
is passed to the abdominal midgut. (Bar = 0.5 mm.)

Forced feeding of . papatasi. The pre-

gotes/ml, i.e., 200 per average sand ly meal. Sand
flies were fed on this suspension as previously
described.” Groups consisting of 30 gorged fe-
males each were separated and maintained on
one of the following dicts: 10% sucrose, 10% tre-
halose, 10% albumin or a mixture of 2% albumin
and 10% sucrose offesed in cotton-wool pads be-
ginning 48 hr post-infection.

Forced feeding

Microcapillaries were prepared according 1o
the method deseribed by Hertig and McConnell.*
The infected tlies were lightly etherized and fixed
to microscope slides by means of double-stick
tape. A capillary prefilled with a mixture of suline
and rabbit blood (9: 1) was slipr.~d over the mouth
parts folding back the labium (Fig. 1) as in the
natural bloodfeeding mode.” Flies were allowed
to feed for 10 min after which time they were
disseeted and examined. Infections in the differ-
ent parts of the alimentary canal were scored
using a phase contrast microscope. Parasites
egested into each capillary were counted under
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Fiait e 2.0 Scheme of a sagittal section of a P, pu-
patasi female showing the different parts of the ali-
mentary canal: foregut (FG). midgut (MG), bindgut
(HG. mouth parts (MP), cibarium (Ch, cibarial valve
(CV). pharynx (PH}, esophagus (FS). stomodeal valve
(SV), thoracic midgut (TMG). crop (CR). abdominal
midgut (AMG), pylorus (PY), ilzum (IL) and rectum
(RE).

a phase contrast microscope after emptying the
Huid onto a glass slide. The results were analyzed
using the x* test. Flies egesting parasites into cap-
laries are hereafier referred to as transmitting
flies.

RESULTS

An average infection rate of 78.8% was scored
in 241 fhies from 1O expertmental groups which
were dissected following forced feeding 10-12
days after the infective nical. Almost all of the
infected flies (97%) had parasites in the thoracic
midgut and the stomodeai valve and in 54% of
them free promastigotes were observed in the
pharynx (Fig. 2). The general development of
infections and the distribution of morphological
forms of parasites were similar in the different
groups. however the percentage of transmitting
ilies was significantly higher (# < 0.01) in the
group fed on a mixture of sucrose and albumin
(Table 1),

Tawn |
Eflect of posi-bloodmeal diers of P, papatasy on the transmission of L, major ¢ 10-42 davs afier infection)

Dt |

: B 4

FO%e Suctose

2% Albumin

10 Trebalose 10" Alburn 10% crose

Number of infected flies* 55
Number cf transmitting flics (B
Percent transmitting flics 20.0

20 15 66
3 4 23
15.0 11.4 34

* Flies sn which no cibanal pumping was observed dutimg torced feeding were dhscarded



928

Tanbre 2
Correlation of  .nsmission with feeding and preserce
of parasites in the pharyna

Nurmal No Paa-
Cgotges  cnpoiees stesan
ment men [LENTEYIEN
Intected flies 162 t4 PN

Number of transmitting
flies 31 10 41
Percent transmitting fies 1.0 714 42

Microscopial observations made during the
forced feeding showed thae insertion of the mouth
parts into capillaries initiated rhythmic pumping
of the cibart 1 pump in Y2.6% of the fhes. This
was evidenced by the flexing of the cly peus (Fig.,
1) at the insertion points of the cibarial dilator
muzcles and resulted ina flow of luid into the
proboscis. Flies where no pumping was observed
were discarded. Most flies were fully gorged with-
in 5-10 min but some ingested only small quan-
tities while in a few, despite vigorous pumping,
no Nuid passed into the midgut. Many of the Hies
that did not gorge regurgitated fluid containing
parasites into capillaries (Table 2).

Abdominal nudgut infections were heavy in
all the groups. consisting mainly of clongate, thin
promastigotes (nectomonads, 15-235 um long <
1 pm thick). The thoracic midgut and stumodeal
valve were cramimed with parasites of different
morphological forms including short (4=5 ym),
highly active unattached promastigotes which
were also found in the esophagus (Fig, 3) and
were the only forms seen in fluid from the cap-
illaries. No attached parasites were tound ante-
rior to the esophagus. and head infections con-
sisted of free. highly active promastigotes which
may have been flushed forward during the feed-
ing. Mostof the transmitting lhies (75.6"%) egested
between 7 and 100 parasites (v = 33.4), some
(19.5%) egested 100-1,000 parasites (€ = 275.0)
and 2 flies (4.9%) egested - 1,000 parasites cach.

DISCUSSION

No difference in the development of Leish-
mania parasites was observed among the groups
fed on different diets or between transmitting and
nontransmitting flics. This observition supports
the work of Hertig and McConnell who observed
that neither raisins nor sugars fed to infected sand
fhes had any effect on the development of Leish-
mania.” Since there were transmicting flies in all

WARBURG AND SCHLEIN

Fro re 3,
Jorn the esorhagns of P2 papatasi. Note infective stage
promastigotes (IS) intertwined between attached par-
amastigotes (PAD (Bar = S um))

Scanning clectros micrograph of L. ima-

the greups, it seems that there is no single nu-
tritional factor essential for transmission of
Leishmania. Mevertheless, the group fed on a
mixture of sugar and protein yielded the highest
proportion or transmitting flies. Henee, the pres-
ence of protein in sugarmeals enhanced trans-
mission,

Although unattacned promastigotes were ob-
served in the pharynges of all the transmitting
flics. they were also seen in many nontransmit-
ting ones {Table 2). Theretore their presence
should not be considered indicative of a flv's
potential capability 10 transmit by bite. A high
pereentage of the flies where cibarial pumping
was observed but fiuid was not ingested were
shown 1o be transmitters (Table 2). A similar
situation was noted by Beach et al. and
Killick-Kendrick and Molyneux who suggest that
Leishmania in tne cibarium interfere with ci-
barial sensillac which control engargement, ' "
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This assumption is not supported by our results
as only few flies had free promastigotes (in small
numbers) in their cibaria and no parasites were

observed attached to the cibarial wall in any of

them.

Recent scanning clectron microscope studics
showed that the mass of parasites in the anterior
thoracic midgut, the stomodceal valve and the
esophagus could be divided into 2 distinct types
(Fig. 3): cuticle-attached haptomonads and par-
amastigotes and unattached highty active short
promastigotes with long flagella.'” The cuticle-
attached forms occupied anterior positions in the
stomodeal valve and the esophagus but they were
never egested into capillaries. These attached
forms in the pocket between the gut wall and the
stomodeal valve may, however, constrict the lu-
men of the valve by compressing its surrounding
lobes and thus prevent or reduce the passage ol
blood into the midgut. Furthermore, the at-
tached formis inside the esophagus provide a
means of anchorage for the free infective forms
seen intertwined between them (Fig. 3). These

observations support the “blocked y™ theory of

transmissiont by bite originally suggested by Shortt
and Swaminath.”

Action of the cibarial and the pharyngea!
pumps, triggered by stipping a capillary onto the
proboscis, continued as long as the mouth parts
were foreibly deploved in the bloodfeeding mode.
According to the proposed mechanism. in the
case of a blocked or partially blocked stomodeal
valve, the rate of flow into the esophagus is faster
than the rate with which blood can flow poste-
riorly into the midgut. Consequently the esoph-
agus expands (a phenomenon known to oceur
during normal feeding”) until the pressure ea-
erted by its walls exceeds that of the pharyngeal
pump. This results ina backflow of Quid, flushing
with itunattached infective forms of Leishmania
into the pharyny, cibarium and mouth parts,
thereby passively depositing them in the skin.
The regurgitation may be further enhanced if, as
suggested by Killick-Kendriel and Molvneus, the
altered rate of flow impairs the coordinated func-
tioning of the pumps and the valves in the food
canal."!

A similar distribution of morphological forms
of parasites was noted in both transmitting and
nontransmitting flies. It would appear that the
difference between the two groups is in the degree
of restriction of the passage through the stomo-
deal valve, This could be brought about by the
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accumulation of attached parasites and infeciive
stage promastigotes in the anterior thoracic mid-
sut and the stomodeal valve. A dict consisting
of both protein and sugar, rather than either of
these factors alone, seems 1o be more suitable
for sustaining sufliciently heavy infections so as
to form at least a partial block of the stomodeal
valve.

The presence of infective stage L. mmajor in the
midguts of infected P papatasi has been dem-
onstrated experimentally.'t Our observations
support this finding and the proposed mecha-
nism explains how farge numbers of these infee-
tive promastigotes can be egested during blood-
teeding of flies which have no permanent infection
of the cibarium or the proboscis.
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DEVELOPMENT OF SANDFLY FORMS OF LEISHMANIA MAJOR IN

SUCROSE SOLUTIONS

Yose! Schlein, Shira Borut, and Charles L. Greenblatt
Department of Parasitology. Hadassah Medical School Jerusatem Istael

ABSTRACT: Stages of Lenlimania developing in the vector include diflerent morphs that are eaposed first to
agested blood and then o sugar moals, This study sought 10 detertmine whether stages oceerning in the fatter
medium could be induced by culturing in sugar-based media. In sucrose solutions. 1. aajor continued 1o divide
and multiplied by 38-46%. Paramastigotes and aflagellates are torms present i late stages of Lesshanma infecion
in Phichotomus papatasi. They constituted 79% of the forms in sucrose mediunn, but a masunum of 15% in
NNN. Rate and degree of transformation varied as a function of the stage of growth of the NNN starter culture.
Motility was Tost in sucrose media but was setained in o misture of sucrose and Ringer's solution. In the latter
mixture, the parasites exhibited transformation as well as attachment 1o the substrate and morphological changes
of the Hagellum simutar to those occurring m the sandtly vector. Parasites from sucrose medium and from /*
papatast reacted similarly, whereas those trom NNN reacted ditferently to a monoclonal anttbody. It suggested
that transformation of 1. magor i sucrose medin resembles this process in the vector

The development ot Letshmania ol mammals
in the phlebotomine veetor was followed by light
microscopy (Adler and Theodor, 1926, 1027,
1931: Shortt et al., 1926: Hertig and McConnell,
1963 Strangways-Dizon and Lainson, 1966:
Johnson and Hertig, 1970) and the morphology
of the parasites was described using electron mi-
croscopy (Killick-Kendrick et al., 1974, 1077,

Molyneus et al.. 1973). During the sequence of

the development, fairly definite morphological
forms follow in a specitic order (Adler and Theo-
dor, 1931). These developmental processes were
summarized and the nomenclature was dis-
cussed by Killick-Kendrick (1979), Amastigotes
taken with the blood meal develop into long and
slender promastigotes — the so-called nectomon-
ads. in the abdominal midgut. Following migra-
tion to the thoracic midgut. they turn into short.
broad promastigotes—the haptomonads. Theswe
and the paramastigotes with a kinctoplast beside
the nucleus, which oceur in the foregut, are char-
acteristically attached o the gut lining. The in-
fective forms are small promastigotes that re-
main free moving,

Female sandflies take 2 types of food: blood
meals taken at intervals, usually 1 for cach gono-
trophic cyele, and regular sugar meals (Lewis and
Bomoney. 1966: Young et al.. 1980; Endris ¢t
al.. P984 Yuval and Schlein, 1986). The devel-
opment of nectomonads takes place in the ab-
dominal midgut, within the infective meal, from
which they are released to move forward when
the blood is digested. Their transformation oc-

Received T4 January 1987; revised 3 April 197,
accepted 7 April (987,
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curs i the thoracie midgat and toregut, when
they are exposed to the ingested sugar meals, The
compasition of natural sugar meals is unknown,
However, the importance of such meals was first
demonstrated by the sneeess in transmitting 1.
donovan 1o hamsters (Smith et al., 1941) and
humans (Shortt, {945) by the bite of Phichoto-
nis argentipes ted on ridsins, In the laboratory
L. mager completed its development in P pu-
pacas that had been maiuiained on sucrose so-
lution (Kallick-Kendrick, 1986 Warburg and
Schlein, 1986). Itwis therefore of interest 1o study
the etlect of sugar solutions on the transforma-
tion of cultured Lesshmania,

MATERIALS AND METHODS

e study was carried out with Lenhmania nwagor
LRO-LI3T (MHOM [1. 67 JERICHO-ID), & human
solate from Israel. Cultures were maintained ar 28 ¢
The experniments were stiarted with parasites from NNN
cuitures grown in S00-m) Ertenmeyer Basks containing
30 ml medium plus 25 ml 0.9% NaClL imocuated with
2 L parasites from 2-dav-old cultures. NNN cul-
tures reached the stationary phase between days 6 and
Swithabout « 107 mlparasites. Experimental media
were moculated with parasites at the beginmng of cul-
ture growth, on the second or the third day: the niddle
of growth, on the fourth day: end of growth, on the
sivth daytand on the 10th day at the stationary phase.
Inoculum was prepared from the overlayer, which was
centrifuged at 500 ¢ for 10 min and the pellet was
resuspended in PBS and simmilarly centrifuged 3 times.
The parasites were resuspended in a small quantity of
evperimental solution made up to about 5 < [0 ml.
Experiments with 0.254 M (osmolarity equal to © 3%
NaCh or 0.127 M sucrose were conducted in 2 or 3§
rephicates of 1 ml in 13.5-ml plastic tubes (Sterilin,
Feltham, Middlesex, England). Another medium was
used in 2-ml aliquots of a 41 mixture of the above
sucrose solutions with Ringer's solution containing 0.65
g NaCL0.25 g KCLO.03 g CaCly, and 0,025 g NaHCO,
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FiGure 1.

i 100 ml water (Novak, 1966), Media were placed in
35 < 10-mm plasuc petridishes (Falcon, Osnard, Cal-
tfornia). Prewetting of the containers for 10 minutes
with therr respective expenimental media was carned
out, because without this treatment the promastigotes
adhered longitudinally to the surface,

The observaton pertod for cuftures in tubes and in
petri dishes was 1) and 7 days, respectively. Drop sam-
ples from the tubes, taken at different days, were dried
on microscopic shides, fived with absolute methanol,
and stained with Giemsa's stun. The Lenhinuona in
petri dishes were observed through an inverted micro-
scope. Fluids were removed at 1- or 2-day intervals
and parasites atached to the battom were stained 1
sitie whide others were sampled on microscopae slides.
Letshmana forms were deternned ain (000 cells, on
cach stamed preparation and the proportion of cach
formy was calculated. The tendency of parasites to at-
tach was also obseryed. Gilass shides, or strips cut lrom
plastic petri dishes were introduced into cultures for
different periods. then exanuned fresh under a phase
micrascope or stained. Parasites were defined accord-
g 1o Kithick-Kendrick (1979), the criteria being the
location of the kinetoplast v, the nucleus and presence
or absence of a Nagellum. Flagellates with the hineto-
plastanterior to the nucleus were called promastigotes,
those with the kinetoplast transverse to the nucleus —
paramastigotes, and those with the kinetoplast poste-
rior to the nucleus—opisthomastigotes, Small rounded
forms without a lagellum (not mentioned by Killick-
Kendrick, 1979) were termed aflagellates to avoid con-
fusion with the vertebrate, tntracellular forms —amas-
tigotes.

Accurate distinction betacen nectomonads (long
promastigotes) and haptomonads (short and broad

J ﬂ?@ }:% 16 17%/\;9 @@@
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Representative forms of the different L. major morphs after 24 hr or more in 0.254 M sucrose.

promastigotes) was not possible because there were
intermediate forms.

Reaction with monoclonal antibody

Lesshmanmia muajor from a 3-day-old NNN culture,
from 3- or 6-day-old 0.254 M sucrose cuftures, and
from a 7-day-old infection of Plebotomus papatasi were
treated with monoclonal antibody., WIC 79.3 (Ibarra
ctal.. 1982). This monoclonal antibody binds i Leish-
mama surfuce complement which is believed to fune-
tion as a ligand to macrophages (Greenblattetal,, 1985;
Handman and Goding, 1985). Tre sandflies were ar-
tificially infected by feeding through a membrane on
10" ml parasites in rabbit blood (Schiein et al., 1983).
and maintained on 20% sucrose solution and water
until dissected. The guts were teased apartin th - vells
of multitest slides (Flow Laborutories, Irvine, Scot-
land)and fixed in 1.0% formaldehyde in PBS. Par.sites
from cultures were fixed in the same fixative and stored
ir, fixative sotution at 4 C. They were then concentrated
by centrifugation at 500 g for 10 min, and brought 1
a concentration of about 107/ml. Twenty microliters
was pipetted into cach well of multitest slides and dried
at 60 C. The slides were exposed for 30 min to a 1:20
dilution of ascitic fluid containing the monoclonal an-
tibody, washed S times in PBS, stained with 1:20-di-
luted fluorescent antimouse globulin antibody (Bio-
Yeda, Rehovot, Israel), and examined by fluorescent
Microscopy.

RESULTS
The apparent transition of Leishmania forms

The transformation of cultured Leishmania
from onc form to another, as observed in stained
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preparations, seems to result from cell division.
The long promastigotes (Fig. 1, nos. 1, 2) turned
into shorter haptomonads (no. 4) and these, by
successive divisions (nos. 5. 10, 11), into smaller
promastigotes of various shapes and flagellar
lengths or cven into afagellates (nos. 1., 13).
Divisions of organisms without an external fla-
gellum were rarely observed (no. 1) and such
aflagellates as nos. 13 and 24 did not appear 10
divide.

Paramastigotes and opisthomastigotes seemed
to be formed by division of promastigotes, 1 ki-
netoplast moving to a posterior position and |
of the nuclei in the opposite direction (nos, 14,
15, 25).

Paramastigotes continued to divide (no. 18)
and by repeated divisions may have been di-
minished both in size, and in the length of the
flagellum, 1o become aflagellates. All these forms
were also observed in preparations made from
infected Phlebotomus papatasi.

The proportions of Leishmania forms
in sucrose solutions

Promastigotes were the most prevalent form
of L. snajorin NNN. Other forms appeared grad-

Pereentage of promastigotes of L. major on different days in NNN or sucrose cultures inoculated

ually and together constituted about 15% on the
I1h day (Figs. 2-4), whereas growth in sucrose
solutions accelerated transformation into para-
mastigotes and aflagellates.

The rate and degree of transformation in su-
crose media was correlated with the develop-
mental stage of the NNN starter. Thus, promas-
tigotes constituted 65.8%, 47.9%, and 33.4% of
the forms on the 1ith day in 0.254 M cultures
that had been inoculated with 2-, 6-, and 10-day-
old starters, respectively. Low osmolarity of 0,127
M sucrose medium, inoculated with a 10-day-
old starter, further decreased the percentage of
promastigotes observed to 16.4%on the 11th day
(Fig. 2). Most of the observed reduction in pro-
mastigotes was replaced by paremastigotes. In
0.254 M sucrose solution, aflagellates constituted
0.9%, 12.3%, and 24.1%, respectively, following
2., 6-, and 10-day-old starters. In the 0.127 M
sucrose solution at that time, the 10-day-old in-
oculum produced 48.6% aflagellates on the 1 1th
day (Fig. 4). Opisthomastigotes were present in
only small numbers and the maximum percent-
age recorded was 0.2 in NNN and 1.8 in sucrose
solutions.
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Figure 3. Percentage of paramastigotes of L. major on ditferent days in NNN or sucrose cultures inoculated
with starters of different ages in NNN,
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Ficure 4. Percentage of aflagellates of L. major on different days in NNN or sucrose cultures inoculated
with starters of different ages in NNN,
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Figure 5. Number of L. mujor on different days in sucrose solutions following inoculation with starters of

different ages in NNN.

Multiplication in sucrose solutions

Leishmania major continued to multiply in
sucrose solutions and reached a level of 38-46%
more than in the initial inoculum. In cultures
started with a 2-day-old inoculum, both the in-
crease and the decrease in numbers were gradual,
When 10-day-old inoculum was used, a steeper
increase in numbers occurred within 48 hr
whereas reduction 1o about 504 of the initial
inoculum took until the 11th day (Fig. 5).

Dividing promastigotes in cultures of/0.254 M
sucrose were counted in stained preparations.

TanLe L Percentage of dividing promastigotes and par-
amastigotes in the starter and in 0.254 M sucrose,

Dags in 0258 M suctow

Ape ot [}

sarter Lendama forme - (starier) 1 -4 1
2das Promastigotes pARTS 1o . 7

Paramuastipotes [ (1 1.2 0w

¥ days Promastegotes R} RN (N} 70

Paramastigotes o (] 22 [IX3

sy Promastigotes W (LY hy 2

Paramastigntes 36 0.5 [ 02

10 days Promachgotes 1.5 57 1.8 1.2
Paramasngotes I 1.6 1.3 oy

Multiplication after 24 hr was found to exceed
that of the starters in cultures with 6- and 10-
day-old NNN inoculum. The rate of division
declined gradually within 10 days. from 11.6 to
7.1% for a 2-day-old inoculum and more rapidly.,
from 8.7 to 1.2% for a 10-day-old inoculum. The
division of paramastigotes was more intensive
with a 10-day-old inoculum than with younger
ones, and was 1.6%in 0.254 Mand 4.5%in 0,127
M sucrose after 24 hr (Table I).

Transformation in mixed sucrose and
Ringer’s solutions

In media containing a mixture of 0.254 M or
0.127 M sucrose, with Ringer's solution, about
80" of the Leishmania quickly sank to the bot-
tom of the petri dishes. Preliminary counts
showed that the proportion of the various forms
suspended in the fluids or settled at the bottom
was similar and counts were based on the latter.
On the seventh day, in cultures started with a
10-day-old inoculum, the proportion of the dif-
ferent forms was similar whether grown in su-
crose-Ringer's or in sucrosc solution alone (Ta-
bles 11, I11; Figs, 2-4).
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FiGure 7. A, a large L. major promastigote, S-day-old NNN starter culture, Giemsa's staining; B, after
Jthem a il innre of 0,254 M sucrose and Ringer's solution, small distension of the flageliar attachment
arked by arrows: €, thick lagellum and atachment: D, 72 br in sucrose and Ringer's solution, small parasites

with a thickened fagellar attachment (bar = 10 um).

1979); and the organisine that remain in the ab-
dominal midgut are protabi posed to sugars
after the blood is digested. Sugar mez!s in nature
are apparently taken directly from plant tissues
and from honeydews seereted by homopterans
(Killick-Kendrick, 1979; Schlein and Warburg.
1986). The compounds in honeydew are mostly
those present in the sap of host plants, which are
passed unchanged or slightly moditied and among
which sucrose is nsually one of the major com-
ponents (Brown, 1975). Furthermore, L. najor
can complete its development and be transmit-
ted by £ papatasi maintained on sucrose solu-
tion (Killick-Kendrick, 1980: Warburg ¢t al.,
1986, Wirburg and Schiein, 1986). Hence, we
chose sucrose solutions as experimental media
and found that the parasites lost their moulity
in sucrose solutions but regained it with addition
of inorganic salts. Such salts are apparently in-
cluded in natural sugar meals as they are present

Tany UL Percentage of ditlerent fornis of L. major i 4:1 mixture of 0.]

in various quantities in honevdews (Auclair,
1963) and different plants.

Unlike the sucrose media, natural sugar meals
probably contain various nutrients that might be
utilized for the metabolic processes of Leish-
mania. Such nutrients are apparently not essen-
tial because the parasites retained their vitality
and multiplied in the experimental media during
the 11 days of observation (Figs, 2, S Table ).
The resources for these processes must have been
innate and their exhaustion was expressed by the
size of the parasites, which was diminished from
an anitial body length of 12 am to up to 2 um
(Fig. 1). Itis possible however that the conditions
in the vector are comparable because a similar
decrease in size of L. major was observed in
infected P papatasi (Adler and Theodor, 1926
Warburg ct al., 1986).

Sandfly morphs of Leishmania appeared in
NNN cultures in smal! numbers, They had been

9~

M sucrose and Ringer's solution

tollowing inoculation with S-dav-old NNN starter (parasites counted ar the bottont of petri dishes containing

cultures).

Days i soluson

Terdoania torms O astatteny H 1 5 7
Pramastigoles in divisaen R 4.6 (] V2 0
Promastipotes - 1o1al wi 783 324 20 2
Paramasupotes in divimon 0 o4 MRS 21 L
Paramastipates — 1otal 2y MR} LI 444 RYR
Opsthomastpotes 1 1] o 0 0
AMagelates [0 04 LR 27.0 40.8
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observed in carly studies and were considered to
be dead or degenerate (Wenvon, 1926). The L.
micjor cultures in sucrose were viable and their
main characteristic was the formation ol para-
mastigotes and aflagellates in greater proportion
than in NNN (Figs. 2-5; Tables [-11). It is thus
suggested thatgrowth in sucrose medium imduces
transformation of Leishmania in a manner sim-
ilar 1o that observed in the sandfly vector. Afla-
gellates were not mentiened by Killick-Kendrick
(1979). However, they were found in the anterior
portion of the gut of wild-caught . puparast in-
fected with 1. major (=Herpetomonas tropica)
(Adler and Theodor, 1920) and in preparations
made by us from P, papatasi. Fhe muliiplication
and transition to cach of the forms in 0.254 M\

sucrose solutions were dependent on the stage of

growth of the NNN starter (Figs. 2 4. In ox-
periments with mixtures of sucrose and Ringer's
solutions, the transformation was similar (Tables
[ TH). Sacks and Perkins (19835) have likewise
shown that infective promastigotes of L. najor
and L. mexicana amazonensts develop both in
culture and in the vector in correlation with the
sequence of the multiplication eyeles.
Attachment by the Hlagellum was exhibited by
all the forms of Leslomania atter being trans-
terred to sucrose or o mixtures of sucrose and
Ringer's solutions. In the latter medium, some
of the parasites that had been attached for 24 hr
or more had either thickened short flagella or a
thickening at the point of attachment (suppos-
cdly hemidesmosomes). Killick-Kendrick (1979)
and Molyneux (1983) assumed that association
with different parts of the gut. especially contact
with the cuticle, and formation of hemidesmo-

somes determine the morphological teatures of

the Leishmania. 1tis evident from this study that
the transition from one form to another in cul-
ture is notassociated with such factors. However,
both the thickening of the flageltum and the for-
mation of attachment-distension, which are con-
sidered characteristic of Leniumania in the vee-
tor, took place in the sucrose-containing media
(Fig. .

Another similarity between Lessiunania from
sucrose cultures and from the sundfly vector was
the pattern of binding of WIC 79,3 monoclonal
antibody. Binding was the same for both, but
was different for NNN-grown parasites.

The sequence of transformation (Fig. 1) and
the gradual reduction in the proportion of pro-
mastigotes in sucrose medium (Fig. 2) showed
that these were final stages. Infective promasti-

73, NO 4 AUGUST 1987

gotes are nondividing organisms (Killick-Ken-
drick, 1979 Sacks and Perkins, 1984) and they
are the only forms transmitted by bite (Killick-
Kendrick, 1986). Thus, it appears that devel-
opment from nectomonads is cither into infec-
tive promastigotes or into sedentary forms that
remain in the sandfly.

It has been suggested several times (recently
considered by Beach et al., 1985: Jefleries et al.,
1986: Warburg and Schlein, 1986) that the ag-
gregates of sessile parasites in the anterior por-
tion of the gut enhance transmission by restrict-
ing the bloodflow during feeding, This
interterence elicits probing and causes iegurgi-
tation of the contents of the foregut which aids
in the deposition ot infective forms. According
to the observations in the present study, this
seems 1o be the only role for these forms of L.
Brator.
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SCHLEIN, V., AND ROMANO, H. 1986, Leishmania maior and L. donovani: Effects on
proteolytic enzymes of Phfebotoamus pupatasi (Diptera, Py chodidae). Experimental Para-
sitology 62, 376380, Phlebotomus pupatasi is susceptible o Leishmania major which it
transmits in nature, but is resistant to L. donovani, The present study compires the effect of
Loomajor and 1. donovani on the proteolytic activity of P, papatasi gut enzymes. The
experiments measured digestion of CHLabeled globin by rut homogenates of flies. Homog-
etates were prepared from tlies fed on serum only (controls) or from ies fed serum con-
taining promastigotes or their dricd cultare oy erlayer. In vther experiments, the promasti-
gotes or dried cotture overlavers were added i virro to the gut homogenate of control flies.
Proteolytic activity of gut homogenate from flies infected with /.. major was about one-third
tess than that of controls, while that from fies infected with /.. donovani was one-third
greater. lagestion of L. major dried culture overlayer had an effect on flies similar to thit of
the promastigotes, while L. donovani dried culture overlner produced no significant effect.
When added to gut homogenate i virro, pronistigates of both species promoted prote-
olysis as did dried culture overlayer of 1. major. Dried culture overlayer of L. donovani,
however. had an opposite effect. it is supgested that the abserved reduction in proteolytic
activity caused by L. major infection may result from inhibition of ensyme produc-
HOM. 198 Academie Press, In,

INDEX DESCRIPTORS AND ABHRENVIATIONS: Leishmania mujor: Leishmania donovani;
Trypanosomitidae: Protozoa, parasitic: Phichotomus papatasi: Diptera: Psychodidae
Vector, gut; Enzymes, proteolytic: Dried culture overlayer (DCO): Phosphate buffered sa-
line (PBS).

INTRODUCTION This selection by the vector was attributed
o factors in the sandfly gut elicited by

Leistumania species, the causative agents  meals of serum (Adler 1938). In addition,

of leishmaniasis, are transmitted by phle-
botomine sandflies. They are ingested with
blood meals by female flies, multiply, and
migrate forward in the gut from where they
are transmitted by bite to another verte-
brate host. Various adaptations are re-
quired for the parasite to complete a full
cycle in the vector (Killick-Kendrick 1979).
The basic one seems to be the ability to live
in the environment of the fly's gut. In the
laboratory, many sandflies are refractory to
infection with strains of Leishmania spp.
other than those they transmit in nature
(Killick-Kendrick 1979: Molyneux 1977).
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veetor competence was found to be an un-
stable trait when blood meals were taken
from an unsuitable host since the balanced
conditions, which permit successtul infec-
tion of the vector by its specific Leish-
mania sp.. were upset (Schiein er al. 1983).
These studies indicate that the digestion of
meals is important in determining the sur-
vival of o Leishimania sp. in the sandfly.
The present study compares the effect of
strains of two Leishmania species on the
proteolytic activity of Phlehotomus papa-
tasi gut enzymes. The L. major strain used
is transmitted by this sandfly in nature and
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can producc a high rate of infection
(Scklein et al. 1983) in contrast to the L.
donovani strain which rarely survives in 2.
papatasi (Schlein, unpublished data). The
assumption was that differences between
the two leishmanias, permitting L. major
but not L. donovani to survive in the
vector, would find expression in the pro-
teolytic activity of the sandtly gut en-
Zymes,

MATERIALS AND METHODS

The Phichotomus papatasi used in these experi-
ments were from a colony founded (1981} with siand-
flies caught in the Jordan Valley, The tly colony is
maintained at 28 = | €, B0 relative humidity on a
diet of 107 sucrose solution and baby mice for blood

meals. Experimental grouns of tlies consisted of

20-50 1-3 day old females that were membrane fed
on sterile meals as deseribed by Schicin er al. (198Y),

Fly groups were allowed to feed on rubbit serum
finuctivated at 56 C for 30 min) cither alone o: mized
with one of the test materials. The midguts of en-
gorged flies were dissected out 24 he later. homoge-

nized in 0.1 ml Mini Homogenizer (Gencons of

Hemel, Hempstead, UKD in a mimimal volume of 0,97
NaCl. The homogenate was made up to i volume of 10
plsandtly gut with saline, centrituged for 2 min at
7520¢ (Beckman Microfuge TMB)Y. The supernastant
wits stored at =20 C and used tor the experiments in
SO pl quantities equivalent to five flies. Each repeti-
tion of the experiments was carried out using homoge-
nates of experimental and of control groups from the
same batch, ie.. fed at the same time.

Leishmania major LRC-1.137, 4 buman isolate from
the same area in the Jordan Valley as the founders of
the sandfly colony, and L. donovani T.RC-LS2 (a
human isolute from India) were grown on NNN me-
divm tor 3 1o 5 days at 28 C. Flagellates were har-
vested, wished three times in PBS, pH 7.4, and
brought to i concentration of 10+ 10%/ml.

DCO ol 6-9 day old cultures of the two leishmanias
was prepared as follows: the fluid was centrifuged at
1000 rpm, filtered through i 0.45.um filter, brought to
pH S by adding glacial acetic acid. boiled for 30 min,
centrifuged for 10 min at 1000 rpm. dialyzed against
distilled water for 48 hr, frozen, and lyophilized. The
estimated product of 10 < 105 promastigotes was 0.4
mg DCO. Control material was the overlayer of un-
used medium that had been incubated for 4 days at 28
C. The protein content of test materials was deter-
mined by Lowry’s method.

Gut homogenates were prepared from flies fed on
meals of 10 < 10%ml promastigotes or 0.4 mg/mi DCO
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in rabbit serum. Control preparations were made from
flies fed on serum only.

Fifty microliter aliquots of gut preparations from
ties fed serum only were mixed with 10 > 10 pro-
mistigotes in 25 pl PBS or 0.4 mg DCO in 25 p! PBS.
The in vitro effect was also tested using 11,4 pg
globin. the protein equivatent of 10 < 108 promasti-
gotes, or 25 pl unused, incubated culture overlayer, In
an additional experiment, substrate digestion by an
equivialent number of promastizotes wis measured
without the addition of the gut enzyme preparation,
The routine control for all in vitro experiments wis 2
minture of gut enzyme preparation and 25wt buffered
saline.

Globin substrite: 155 mp CM-Jabeled globin/ml <a-
line with & specific activity of 3 = 10% cpm‘mg was
prepared according to Roth ez al. (1971, as modified
by Lernau ef ol (1980). This was used in aliguots of 15
pl mixed 124 with 1.25 mg/ml cold globin (NBCQ,
Cleveland, OH, USA).

Fifty microliters of cach test preparation of enzyme
was mived with 30l globin substriste and incubated
at 28 C for 3 min. The reaction was stopped by the
addition of 105 pl cold TCA with a final concentration
of 877, The supernatant was separated following cen-
trifugation at 3000 rpm for 1S min at 4 C amd counted
in Lunrey Scintillation Liquid (Packard) 4077 in tol-
uene. The quantity of digested protein in micrograms
was caleuliated from the ¢pm in the supernatant,

Statistical amalvsis was by the Wilcoxon rank test
(Bishop 19801,

RESULTS

The eftect of Leishmania donovani or L.
major promastigotes in the in vivo and the
in vitro experiments was significantly dif-
ferent from their respective controls. The
principal difference between the two
species was in the in vivo experiments
(Table 1) where preparations of Phieho-
tomus papatasi infected with L, major di-
gested 28.0% less than the controls,
whereas flies infected with L. donovani di-
gested 32,49 more than the controls, In
paratlel experiments using L. major DCO,
there was a 25.0% decrease in proteolysis,
similar to the result with promastigotes,
while substrate digestion by preparations
of flies fed L. donovani DCO was 9.6
greater than that of the controls,

In the in vitro cxperiments, where test
materials were added to gut enzyme prepa-
rations (Table 1I), the activity measured
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TABL.
Digestion of CH-Labeled Globin by Gut Homogenate
Containing Either Leishmania spp. Promastigo

Mean ¢

Flies fed digestion by

on serum No. of conlrot
containing repetitions homogenates
L. major
promastigotes 6 228
L. mujor NDCO N 219
L. donovani
pronvstigotes s 2.8
L. donovani DCO A

0.7

reparations equinident of five guts, ¥ hrincubation
b Sigmificantly different from the controls 7 - 0,04 0 the Wilee
¢ The vime control used for al experimenta! repetition,

apy

was higher than the controls in prepara-
tions containing promastigotes of L. major
(11.3%). L. major DCO (11,99, and 1.,
donovani promastigotes (38.0°7). Lower
activity of — 10,29 was observed in the
preparations containing 1. donovani DCO,
The results of the in vitro experiments were
all significantly different from their con-
trols.

In the in vitro control experiments. the
replacement of flagellates by 11,55 pg
globin resulted in ¢cpm counts that were 147
lower than those of controls, Addition of
unused culture mediom or flagellates

TARBLL
The in Vitro Effect of Leishimania spp. 'romastigole

Mean ¢

Test No. ot digested by
Experiment nterial repetitions conrols

1 L. mjor

promistigotes X 1.7
2 1. naor DCO 6 R
3 L. donovani

promastigotes 0 RRIS
4 L. donmani DCO 0

34

w ]y

repiaritions equivalent of five gats, ¥ hr meubation,
* Significantly dilferent from the controls 2+ 0.01 in the Wilco

Digestion of C-Globin by Gut Homogenates of Serum Fed Philchotonues papatasi Females

) ROMANO

El
s of Philebotomus papatasi Females Fed on Serum
tes or Their Dried Culture Overlayer (DCOY

Difterence
between
vontrol and

ui Protan dige ted by homogenates?

Control Nies Experimental Nies enperiment
taserage = Sk Laver: b [5x4}
.29 - 426 4272 - 340k K0
4538 - 7] 4137 - Ty 250
874 - 44 AR Y + 32,4
49,68 tY9.6

S4AR -

B.24NS

s ik lest: NS not significant,

without enzyme had a negligible effect. The
protein content of 10 x 10° promastigotes
of cither species was 11.55 pg. Protein
weight amounted to 50.8%¢ in the L. major
DCO and to 5185 in L. donovani DCO.

DISCUSSION

Under natural conditions, only a small
number of Leisinnania species amastigotes
are ingested with blood by sandily vectors.
Within this blood meal, the parasites, en-
closed in the peritrophic membrane. divide
and transform into promastigotes. This de-
velopment cannot be considered @ true es-

Pl
~ or Their Dricd Calture Overlayer (DCO)Y on the

mg Protem digested?

Averape ‘¢ Dlference
ditfurence between
Control vontrol control and

fiscrage = S expenment - SE experiment
10876« Jan P R N RIK)
K70+ o 21247 - 213 1LY
K28 - 127 + 3128 - T + IR0
X o- 127 R.25 - Lk -10.2

81

Aon rank test,
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Leishmania spp.: VECTOR PROTEOLY 11C ENZYMES

tublishment of infection since early stuges
of the life cycle are not host specitic (Kil-
lick-Kendrick 1979) and can occur in the
blood meal of many hematophagous
arthropods (Wenyon 19260,

In the midgut of unfed or sugar fed mos-
quitoes or other blood sucking diptera.
there is little or no proteolytic activity, and
maximal protease level is reached about
1832 hr following blood intake (Akov
1972 Hardy ¢ al. 19831 Thus, carly stages
of Leistimania spp. in the gut of the sandfly
would presumably not be exposed to high

levels of enzymic activity. High levels of

protease activity couse damage to Plusimo-
dinn spp. (Langley 1975; Yeats and Steiger
198 1) and to arboviruses (Hardy 1 al.
1983). These evade digestion by carly
escape from the gut, whereas Leishmania
Spp. promastigotes remain and multiply, In
sundtly species which tiuke i second blood
meal betore being able to transmit parasites
(Killick-Kendrick 1979, Leishimania spp.
developing in the v gat are subjected to g
second wave of protealytic activity,

In this study. the principal difference be-
tween the two Leislunania species was the
cfiect they produced in the vector, /..
major, which thrives in P, paparasi. re-
duced the activity of gut enzymes by 28,07/
while 1. donovani enhanced enzvme ue-
tivity by 32,477 in this unsuitable vector
(Table 1), However. the same L. major pro-
mastigotes in vitro, raised the level ot sub-
strate digestion by 11377 and an increise
of 38077 was caused by L. donovani. Since
the direct effect of both letshmanias was
the enhancement of enzymitic digestion in

vitro, it appears that the lesser activity of

gut proteases of L. major infected flies re-
sulted from the presence of smaller quan-
tities of enzyvmes in the sandfly gut. 1.
major DCO produced an effect ~imilar to
that of the promastizotes, i.c.. it decreased
gut enzyme activity by 25007 in vivo and
increased itin vitro by 1194 (Tables | and
1), suggesting that the active substances
for both functions wre produced by cultured

79

promastigotes. OF 150 P, papatasi fed
serum meals containing 200 promastigotes
per tly. only 29 became infected by 1.
donovani (Schlein, unpublished data) in
contrast 1o 837 by L. major (Schiein er al.
1983).

Adler (1938) noted that infections of
Leishmania species that are not host spe-
cific died out in 22, papatasi fed infective
meils of serum and flagellates. The only
strain that could infect the flies success-
fully was the one they transmit in nature,
Since rabbit serum wias penerally used
grow the promastigotes, it could not be in-
herently lethal, Morcover, since selection
by the vector did not oceur when the infec-
tive meal consisted of flagellates suspended
in saline eather than in serum, Adler specu-
fated that the selective factors were elicited
in the gut by the serum. Furthermore. dilu-
tion of the serum in the intective meal led
to proportional increase in the number of
flies infected by Leishmania sp not spe-
cific to the vector (Adler er al. 193%). The
quantities of protein in the meals hive been
correlated with the Tevel of activity of gut
cozymes in hematophuagous insects
(Gooding 1974, 1975 Houseman and
Downe 19831, Heace. tie increased sur-
vival of a nonspecitic Leishmeania sp. in-
fection in Adler's (1938) experiments fol-
lowing meals with smaller proportions of
serum apparently resulted from the de-
creased induction of proteases. In the
present study, the reduced proteolytic ac-
ity was caused by L. omajor infections
and not by the dilution of meal proteins, It
may, however, have a similar effect and be
the reflection of the mechanism which
permits the survival of the parasites.

Promotion of proteolysis was caused by
L. major in vitre and 1. donovani both in
vivo and in virro. A possible explination
may be that, in viva, the L. major reduce
the activity of one protease while pro-
moting that of another, and the observed
effect is the net result, Only the latter func-
tion may take place under the artificial con-
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ditions and short exposure in the in vitro
experiments with L. major whereas the L.
donovani, a not transmitted species,
cannot reduce the gut protease in Phieho-
tomus japatasi either in vive or in vitro,

It b been postulated that the suscepti-
bility of mosquito species to arbovirus is
influenced by differences in concentration
of trypsin and chemotrypsin in the midgut
(Hardy et al. 1983). Such differences ap-
parently also occur among different species
of phlebotomines and contribute to the
complex picture of their tolerance to Leish-
mania species,

Vector specificity hius been deseribed in
Old World sandflies. It is not. however, a
gencral trait of phlebotomines, since neo-
tropical species can harbor infections with
various Leishmuania species (see reviews,
Molyneux 1977: Killick-Kendrick 1979).
Perhaps, the enzyme composition of the
widely susceptible New World veetors is
innocuous while in the Okl World vectors
the induction of harmtul ¢nzymes is re-
duced by the defense system of the specitic
Leishmania species.
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Marking of ’hicbotomus papatasi (Diptera: Psychodi-

dae) by feeding on sprayed, coloured sugar bait: a

possible means for behavioural and control studies
Y. ScHLEIN

Department of Parasitology,  Hadassah Medical

School, P.O. Box 1171, Jerusalem 91010, Isracl

Phleboromine sandtlies feed on sugars in the field
and it has been demonstrated in the laboratory that
one of the sugar sources is honevdew taken from the
surface of plants (SCHLEIN & WARBURG, 19860, Tt
was further shown that Phlchotomus papatast in the
wild is atiructed to different plants in various degrees
{SCHLEIN & YUvaL, 1987). This sandflv-plant in-
teraction suggested the possibitity of marking flies by
teeding them on dyed sugar baits, offered on attrac-
tive plants in the field, the assumption being that
sprayed baits would compete with naturally available
sources of food.

The spray solution contained cither Indigotine or
Brilliant Blue «C.1. Food Blue No. | or No. 2; Stern,
Natanya, Istach plus 100 sucrose, in 20%0 aqueous
solution. An initial experiment with laboratory-reared
P, papatast showed that overnight teeding on the
dried solution did not cause mortality within 10 davs.
Spraving in the field was done with a 7 litre Killaspray
tModel 4085, Hozelock-ASL, Birmingham. England
using S to 10 litres ef solution tor each experimental
site., The experiments were carried out in September
19%6 in the endemic region of cutanceous leishianiasis
in the Jordan Valley, about 30 km north of Jericho. In
this semi-and area 7. papatast oceurs in great
numbers in the burrows ot Psammomys obesus, the
rodent reservonr ot the disease s SCHLEIN of al., 1982
The spraved sttes were about S0+ 25 m, around an
active colony of P, viesus. The vegetation consisted ot
about 15 bushes ot small o middle-size Amplex
halvmus - maximal thicket length 10 m, width 3 moand
height 3-8 my and Salsolu venmiculata Chenopo-
diaceac s, Experiments in this arca indicated that some
tested plants were attractive to 2. pupatast but that A,
halvmus, under which PP obesus prefers to dig its
burrows, was twice as attractive as 8. eemmnculata see
SCHLEIN & YUvar, 1987 Sugar solution wis
spraved on the outer, lower margins of the bushes toa
height of 50-70 cm and dried instantly. 1. papatas
were caught with CDC miniature light traps « Model
512, John W, Houk, Co., Gainesville, Florida, USA 1,
trum which the bulbs had been removed. The traps
were placed, 4 per site, with their openings about 30
cm above ground. Altogether 3881 fies were caught.
The blue dve marked, on average, 25:9% of Loth male
and female . papatast caught during the tirst night
following spraving. It was readily visible in most and
could be revealed in others by pressing them between
two sheets of filter paper. The average of marked ties
caught on the third mght after spraving was 50 and
on the sixth night, 32:9%. By that tiae the labelling
of the fies and the blue colour on the plants were less
intensive,

The usual method for studying sandfly dispersal is
mark-release-recapture, bised on the application of
dyes to captured flies. Recapture by this method was
maximal when blood-gorged 17, untast females were

Rec'd in SCI- OCT 1 4 1024
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refeased in cellars, but it was much lower in outdoor
studies (KILLICK-KENDRICK ¢t al., 1984, Bait-
marking in this study reached $0%, and was shown to
1zpel flies for 6 nights atter a single apphcation. These
results could probably be improved by repeated
spraying and by spraving a wider area, Only the
proportion of flies captured, and not the number
miarked by the bait, can be evaluated: hence, the size
ol the population cannot be assessed. However, this
method marks sandflies in theie habitat without
interrupting their normal behaviour by capture,
treatment and release in a new environment. The use
of different dves would permit behavioural studies.,
such as the assessment of dispersal trom more than
one location and evaluation of the attractiveness of
different plnts and of attractants mixed into the
baits.

Another application could be to direct the bait-
marking method cither aganst the vector, by includ-
mg msecticides or pathogens 1 the spraved solution,
or against the Leshmania, Decrease o the incidence
ol Letshmama can apparentl resalt from microorgan-
s contamination of the vector's gut 1 SCHLEIN et al.,
1985, Potential gut contaminants could also be added
to the sucrose solution and evaluated by examination
of polated, marked flies. The experiments can be
carried out ona very small scale and the impact on the
environment would be small. Very few control
projects have been aimed at vectors of leishmaniasis
and most of these have been carried out in human
habitations. The spraying of sugary baits on plants
seems 0y be o promising method for control studies
during the dry season in zoonotic foci of leish-
manuasis.

This study received support trom the leishmaniasis
component of the UNDP World Bank WHO Special
Programme for Research and Fraining in Tropical
Discases, and the Project on Epidemiology  and
Control of Vector Borne Diseases in Israel (REDP-
NIH-NIAID-AL 12669 and AID-CDR project, CS-
136,
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LEISHMANIASIS IN THE JORDAN VALLEY

IV. Attraction of Phicbotomus papatasi
(Diptera: Psychodidae) to plants in the field'

Yosef Schlein and Boaz Yuval*

Adstract. The attraction of Phlebotomus pap.ata to
12 plant species was examined in the field asivg plant-
baited traps. OF the species tested, 8 attracted signit-
icantly more Hies than unbaited controls, with Cap-
periy spunova var. aratenss, Sulanwm nagrwm, I'mm/m
farcta and Amplex hatimus giving the highest catches,
Traps provided with a source of humidity alo gave
signiheantdy higher catches thancontrols, Laboratory
tests showed that 864, 7h.6, 715200, and 43¢ of
the 12 fruiguitav tedd on Prosopis favcta, Cappuinn YIOR
Ruvias communns, Solanurs sagvam, and Kochia ool
respectively: these plants were also atiracon e to sand
Hies i the held. None of the dlies ted in the Liboratony
on Atnples haloni, Famae milotion, o Chenagrdinm
ambrosiortes, which were attractive i the fichl, and
20T 10 and FE2Y respectively fed i the Lab-
oratory on the nonattrac s e Salvda s evmiculat, Suie-
du ey frlteon, Sedernven tmcarenm, and Awmaranthas vetr-

Hevie

The sand iy Phlcharsus poapuitay Scopoli s
widely distributed i avid, tropical, and sub-
tropical vregions of the Old World, where it s
principal sector of the pathogen cGasing zoo-
notc cutancous leishmaniasis (Lewis 1974 Le
Blincg et al. T986). As do many other groups
of blood-sucking tlies, phlebotomines regularly
feed onsugars (Chanionis 197 £ Friend & Smith
1977 Killick-Rendrick 1979: Endris etal. 19844).
Different sugars hive been identitied in wild-
caught sana Hies (Lewis & Domoney T966). The
presence of tructose swis recorded inabut 804
ot P anav Tomoir trom southern Franee
(Young et al. 1980) and P papataa trom the
Jordan Valley (Yuval & Schlein 1986).

Although andoubtedly of plane origin, the
actual sources of sagar meals in natare are un-

1. This work was supported by the Lenhmaniasis
component of the UNDP “Waorld Bank. - WHO Spe-
cial Programme tor Research and Training in Trop-
ial Diseases and the Project on Epidemiology and
Control of Vector-borne Diseases in Istael (REP-NTH-
NEATD-AL-12669),

20 Department of Parasitologe, The Hebrew Uni-
versity -~ Hadassah Medical School, O, Box 1172,
Jerusalem 91010, Ysrael,
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known. Killick-Fendrick (1979) suggested hon-
evdew as the principal source, while Schlein &
Warburg (1986) demonstrated in the labora-
tory that £ papetasi obrains sugar selectively,
divectly from plant tissues as well as from hon-
evdew. Sugar meals alfect the transmission of
leishmaniasis, since they play a vole in the de-
velopment of Lesshmania in the vector (Kiltick-
Rendrick 1979). Sugar feeding saloimportant
in the biology of sand flies, since their search
lor sugars iy aomagor factor influencing their
behavior in the teld (Yuval & Schlein 1986).

Ihe purpose of this studs wis to find out
whether P pupatas was attracted 1o specitic
plants under field conditions and whether this
attraction could be correluted to ity feeding
preferences in the Liboratory,

MATFRIALS AND METHODS
Sty area

The study was carvied out in the Jordan Val-
les, about 30 kmonorth of Jericho, in an area
endemic for cutimeous leishmaniasis and in
which P papatasiis the anly Phlehotomu. sp('('i('s‘f
The experimental area was in a ploughed and
eveled fickd, 900 x 600 m, and was devoid of
vegetation, since comparative experiments could
not he carried out where plants of various den-
sities ind sizes were present. Previous ciptures
i this field had shown that sand flies randomly
occwrred there in great numbers (Yuval &
Schlein, unpubl. data).

Expervimental design

Sund flies were caght with SDC miniature
light traps (model 512, John W, Hock Co.,
Gainesville, FL) from which the bulbs were re-
moved. Fraps were operated overnight be-
tween 1900 and 0700 h, separated by a distance
of 30 m, with the trap opening i, 30 em above
the ground. All experiments included 1 control
trap and several others, each baited with
branches of 1 plant or with wet filter paper.
The position of the control trap in relation to
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Tasee 1. Captures of Phlebotomus papatasi in plant-baited vs, unbaited traps,

Cantrol traps

Baited traps

Buait No. No. Attrac-
Bait evapa- flies tlics tion
weight  ranon  cap- cap in-

®) (mb)*  tured < SE tured £ SE Pee dexvee

Capparis spinosa var.

aravensis 139 78.6 195 65 1.7 573 251 57 0.001 3.9
Capparis spinosa 146 8l.4 195 317 7.7 263 657 1LH 0001 21
Solanum nigrum 193 508 265 5% +.5 602 113 9.1 0001 2]
Ricinuy communiy 101 493 360 72 7 519 103 10.1 0.001 1.4
Prosopis farcta 109 47.5 39 13 1.1 79 26.3 2.0 0.01 2.1
Atriplex halimus 188 30.7 40 133 1.3 85 28.9 38 0.01 2.1
(:/lruufunhum ambrosinides 143.7 7.7 53 2 3.4 96 24 4.5 0.0 1.8
Kochia indica 200 1006 956 426 4.9 316 57.6 6.8 0.01 1.3
Tamarnx nilotica 90 40 47 156 1.3 88 29.3 3.0 0.05 1.8
Solanum incanum 126.5 61.9 53 132 77 19.2 3.8 NS 1.4
Suneda aegypticea 250 36 164 546 192 64 17.1 NS 11
Salwola vermiculata 117.4 244 130 327 7.4 121 30.2 5.8 NS 0.9
Amaranthus retroflexus 161 74hH 146 73 9.2 123 61.5 122 NS 0.8
Wet filter paper — 90 140 28 3.2 314 628 55 0001 22

* Quantity of water evaporated by plant samples or by filter paper.

** Chissquare test,

*¢* 3 haited traps /3 controls, The proportion of 48 and 99 in the controls and experimental captures was

similar,

the test traps was changed each night o avoid
spatial bias. Tests with each of the baits were
repeited 3 to 5 times on 17 nights between June
and August 1985.

Branches ol each test plant were of similar
sizeand weighed between 100 and 250 g. Their
stems were placed ina 100-ml Evlenmeyer flask
containing 100 ml water: the opening of the
flask was then sealed with Parafilm and the stems
were secured with cellotape. Fach flask was
placed beside one ol the traps, so that the
branches were under the meral covering of the
trap, near its opening. Flags of folded filter pa-
per were inserted into other Hasks containing
waters these were similarly placed beside traps
to assess the effect of humidity atone. Evapo-
ration was calculated for each plant sample by
adding the overnight loss of weight of the
branches to the deereise in warer quantity in
the flask. Evaporation by the Blter papers was
measured by adding remaining water in the flask
to weight of water soaked in the paper.

Sand flies were collected in the morning and
catches were compared only to their respective
controls, since the number of sand flies varied
considerably from one night to another due to
differing environmental conditions. ‘The differ-

ences between control and baited traps and be-
tween plant-baited traps and evaporation traps
were amalyzed using the chisquare test. The
comparative attraciion index was calculated fol-
lowing Bradbury & Bennett (1974).

Plant species tested

The following plants, comman in the biotope
in the summer, were used in the experiments:
Solanwon nigrum (Solanaceae); Capparis spinosa,
Coospunova var. aravensiv (Capparaceae); Ricinuy
communis (Euphorbiaceae): Chenapodium amhro-
sintdes, Kochia indica, Atriplex halimus, Suaeda ae-
mptiaca, Salola vermiculata (Chenopodiaceae);
Tamarix nilotica (Tamaricaceace); Prosapis farcta
(Mimosaccae): and Amaranthus relraflexus
(Amaranthaceae).

Laborators experiments

Feeding of 2. papatasi on the test plants was
studiedin the laboratory. Mixed groups of unfed
males and females were offered a branch of 1
plant overnight, as described by Schlein & War-
burg (1986). Feeding was determined by testing
withanthrone for the presence of fructose (Van
Handel 1972 using the procedure deseribed
by Young ot a1, (1980).


http:ierela'.ie

1987 Schlein & Yuval: Att action of P. papatas to plants 89

‘TabLE 2.

Overnight freding of P papatasi on plant branches in the laboratory.*
I I3 I ¥

Mo, flies exposed

Anthrone-positive flies

Total
? 8 Towal ? 4 Twal K
Capparis spinosa 37 37 74 29 27 B 75.6
Solanum wigrumn 28 18 46 13 1 24 52.1
Ricinus communiy il 35 76 28 26 54 71.0
Prosopis farcta 26 24 50 22 21 43 86
Atriplex halimus 43 EE 87 0 0 0 0
Chenopodivm awbyoioides 25 25 50 0 0 0 0
Kochia indica 25 21 10 8 12 20 43
Famarix nilotica 25 25 50 0 0 0 0
Solanvwm tucanum 25 25 50 3 2 b 10
Suaeda aegypliaca 30 33 63 l 2 3 4.7
Salvola vermiculuta 42 43 85 2 0 2 2.3
Amaranthus vetroflexus 18 2 42 4 2 6 14,2

* Feeding determined by the presence of fructose in the gut.

RESULTS

Of'the 12 plants tested in the field, 9 attracted
significantly more P papatasi than did the un-
haited controls (Table 1), Capparis spinova var.
aravensis was the most attractive, with a 4.9 -
traction index (mean number captured in bait-
ed traps + mean number captured in control
traps). Solaniwm nigrum, Prosopis favcta, and Ari-
plex katimus attracted 2.1 times as many tlies as
their respective controls, The yield of traps pro-
vided with wet filter paper was abso significantly
higher than the dry controls (2 < 0.001), with
anattraction index of 2.9,

A comparison between the humidified and
the plant-baited traps showed that €. snosa
varo aravemin, Soowgrum (P2 < 0.001), and (.
sfanova (7 < 0.02) attracted more flies, while S,
aegspliaca, S, vermculata, Ao retroflexus, I com-
munis, and Koindica (at the P < 0.01 level) at-
tracted fewer flies. Evaporation by different
plant samples varied from 2440 ml per night (8.
vermicudatay o 101.6 mb (K. andicn), whereas the
wet filter paper evaporated 90 mi (Table 1),

I aboratary tests 3 plants, P farcta, €. \pi-
nosa, B communns, S, nigram, and K. midica, were
ted upon by 43 10 86% of the flie
retroflexus, S aegaptinea, and S, vermueulata were
ted upon by 142, 4.7, and 2.3%, respectively,
while no feeding was recorded on A, halimus, C,
ambrovivides, or T, nilotica (Table 2).

Amaranthus

DISCUSSION

Phichotomus papatasi was attracted 1o 8 of the
12 plant species tested in the field (Table 1), Of

the plants offered o sand flies in the laboratory,
5 species that were attractive in the field (2.
farcta, Cospinosa, S, nigrum, R, communis, and K.
indica) were fed upon by 13 to 86% of the flies
(Table 2). Atviples: halimuy, T. nilotica, and C.
ambrsivides, though attractive to the flies in the
fiecld (Table 1), induced no feeding in the lab-
oratory, and other species tested induced less
than 14.27 feeding and were not attractive in
the hield.

Results of the tield trials show that P, papatasi
is autricted o specitic plants that are potential
sources of sugar meals, but it was also attracted
to plants not fed on in the laboratory. Sugar
teeding is therefore not the only reason for at-
traction to plants, and other factors such as the
seirch for shelter or breeding sites may also be
involved. Tt is noteworthy in this context that
the attractive but inedible A. halimuy is one of
the dominant plant species in the habitat of P,
papatasi in the Jordan Valley. Burrows of the
sand rat Psammomys obesus, in which sand flies
breed and rest (Schlein etal, 1982), frequently
are located between its roots.

Endris et al. (1984) demonstrated that Lui-
somyia anthophora (Addis) takes several sugar
meals in the laboratory, completely digesting
one before taking another. Yuval & Schlein
(1986) showed that the need for such meals is
an important factor in the nocturnal activity of
P papatasi in the field. Thus, although it is not
clear what proportion of meals are derived from
plant vs. indirect sources, such as homopteran-
exuded honeydews, it seema that the search for
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sugar meals is an important component of sand
fly behavior,

Plant attraction at night involves 2 gencral
factors, released water vapor and CO,, in ad-
dition to plant-specific emissions, Our results
demonstrated that the yield of traps provided
with wet filter paper was significantly higher
than that of controls (Table 1), Henee, sources
of evaporaticn were evidently attractive to the
sand flies in the arid areas of the Jordan Valley,
We also found that CO, s attractive 10 P, -
patasi under similar conditions (Yuval & Schlcin,
unpubl.). The yole of these factors would ap-
parently diminish in a humid environment with
dense vegetation, and the question is whether
the specific plant emissions alone may affect the
behavior of sand Hies. Evaporation by plant
sumples varied considerably between species and
wis not in divect correlaticn to their attraction
(Table 1) emission of CO, was not considered
in the present study . However, 2 examplesseem
1o demonstrate attraction and repellence by
plant odors. "The catches using A retroflexus were
significantly lower than those of humidified traps
(P < 0.001) even though the plant simple evan-
oration, 7-1.5 ml, was amony the highest. Cap
prvis spunosa var, aravemsis, which transpired less
than the filter papers, attracted significantly
more Hies (2 < 0.001) than traps with filter
paper.

The resultsinthis study representasimplificd
sttwation, and the artificial presentaiion of the
plants muay have altered attractivity, 1t is cons
ceivible, however, that plant preferences, such
as deseribed in the present soudy, normally in-
fluence sand fly distribution. Confirmation ot
this assumption will add @ useful 1ool for the
investigation of the epidemiology of leishman-

jasis.
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SCHLEIN, Y., WND Rosano, H. 1986, Leishmania major and L. donovani: Effects on
proteolytic enzymes of Phichotomus papatasi (Diptera, Psychodidaeh, Experimenital Para-
sitology 62, 376380, Phichotomuy papatasi is suseeptible to Leishmania major which it
transmiits in nature, butis yesistant 1 1., donovani. The present study compares the effect of
L. major and 1. denovani on the protealytic activity of 2. pupatast gt enzymes, The
experiments measured digestion of CH-Labeled globin by gut homogenates of flies. Homog-
cates were prepared from flies fed on serum only tcontrals) or from tlies fed serum con-
taining promastigotes or their dried colture overkiyer. e other experiments, the pronuisti-
gotes or dricd cultire overliyers were added in o to the rut homogenate of control flies,
Proteolytic activity of gut homogenate from flics infected with 7. mafor wais about one-third
less than that of controls, while that from flies infected w th l.
greater. Ingestion of L. major dried culture ov crlayer had an effect on Mies similir o tha of
the promastigotes, while 1. donovani dried culture overliyer produced no signiticant effect.
When added to gut homogenate in virro, promiastigotes of both species promoted prote-
olvais i did dried cultere overlayer of 4. major. Dried cultire overlaver of 1L donovani,
however, had i opposite effect. 1t s suggested that the observed reduction in protealstic
activity caused by 1. major infection may resalt from inhibition of enzvme produc-
tion,

INDEX DESCRIPTORS AND ABBRLVIA CIONS: Letshmania mvjor: Leishmania donovani:
Trypanosomatidac: Protozoa, parasitics Philchatonms papatasi: Biptera: Paychodidae:
Vecior, gut Enzymes, proteolsytic: Dried culture averluyer (DCO): Phosphate buftered sa-

donavani was one-third

CoEN Al Press. Ing

line (PBS).

INTRODUCTION

Leishmania species. the causative agents
of leishmaniasis, are transmitted by phle-
botomine sandflies. They are ingested with
blood meals by female tlies, multiply, and
migrate forward in the gut Froit where they
are transmitted by bite 1o another verte-
brate host. Various adaptations are re-
quired for the parasite to complete a full
cycle in the vector (Killick-Kendrick 1979).
The hasic one seems to be the ability to live
in the environment of the fly's gut. In the
laboratory, many sandlies are refractory to
infection with strains of Leishmania spp.
other than those they transmit in nature
(Killick-Kendrick 1979: Molyneax 1977).

’ .
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This selection by the veetor was attributed
to factors in the sandtly gut elicited by
meals of serum (Adler 1938). In addition.
vector campetence wis found to be an un-
stable trait when blood meals were taken
from an unsuitable host since the balanced
conditions, which permit successtul infee-
tion of the vector by its specific Leish-
mania sp.. were upset (Schlein ez al. 1983).
These studies indicate that the digestion of
meitls is important in determining the sur-
vival of a Leishmania sp. in the sandfly.
The present study compares the effect of
strains of two Leishmania species on the
proteolytic activity of Phichotomus papa-
tasi gut enzymes. The L. major strain used
is transmitted by this sandfly in nature and

0CT 14 -
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can produce a high rate of infection
(Schlein et al. 1983) in contrast to the L.
donovani strain which rarely survives in P2,
papatasi (Schlein, unpublished data). The
assumption was that differences between
the two leishmanias, permitting L. major
but not L. donovani to survive in the
vector, would find expression in the pro-
teolytic activity of the sandfly gut en-
zymes.

MATERIALS AND METHODS

The Phiehoromus papatasi used in these experi-
ments were fron a colony founded (1981) with sand-
flies caught in the Jordan Valley. The fly colony is
maintained at 28 = | C, 80¢7 relative humidity on a
diet of 104 sucrose selution and baby mice tor blood

meals. Experinental groups of thics consisted of

20-50 1-5 day old females that were membrane ted
on sterile meals as described by Schlein er ol (1983).

Fly groups were allowed to feed on rabbit serum
tinuctiviated at 36 C for 3 min) cither ¢lone or mived
with ane of the test materials. The midguts of en-
porged ies were dissected out 24 hr later, homoge-

niced in 1 mb Mini Homogeaizer (Gencons of

Hemel, Hempstewd, UKYina minimal volume of 0.9 ¢
NaCL The homogciate was made up toaovolume of 19
whisandfly gut with saline, centriteged for 2 min ot
78208 (Beckman Microtuge TSI The supernatant
wis stored at - 20 C and used for the experiments in
S0 pd guantities equivalent to five flies. Loch repeti-
tion of the experiments was carried out using homoge-
nates of experimental and of control groups from the
same bateh, fe., fea at the same time,

Leshmania najor LROC-LEZT, 0 human isolate from
the same areain the Jordan Valley as the founders of
the sandily colony, and .. dorovani LRC-1.52 ta
humin isolate from Indii) were prown on NNN me-
divm for 3 to 5 days at 28 C. Flagellates were har-
vested, washed three times in PRS, pH 7.4, and
brought to o concentration of 10« 100ml.

DCO of 6-9 day old cultures of the two leishmanias
was prepared as follows: the tluid was centrituged at
1000 rpm. Niltered through a 0.45-pan filter, brought to
pH S by adding glacial acetic acid, boiled for 30 min,
centrituged for 10 min at 1000 rpm. dialyzed against
distilled water for 48 hr, ftozen. and Iyophilized. The
estimated product of 10 = 10% promiastigotes was 0.4
mg DCO. Control material was the overlayer of un-
used medium that had been incubated for 4 days at 28
C. The protein content of test materials was deter-
mined by Lowry's method.,

Gut hamogenates were prepared from flies fed on
meats of 10« 10%ml promastigotes or (0.4 mg/ml DCO
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in rabbit serum. Control preparations were minde from
{lies fed on serum only.

Fifty microliter aliquots of gut preparations from
Nies fed serum only were mived with 10 x 108 pro-
mastigotes in 25 pl PBS or 0.4 me DCO in 25 pl PBS.
The in virro effect was also tested using (1.3 pg
plobin, the protein equivalent of 10 < 10% promasti-
gotes, or 28 plunused, incubated culture everlayer. In
an additional experiment, substrate digestion by an
cquivalent number of promastigotes was measured
without the addition of the gut enzyme preparation.
The routine controt tor all in vitro experiments wils i
mixture of put enzyme preparation and 25 pl buftered
saline.

Globin substrate: 15.5 mg CM-labeled globin/ml sa-
line with a specific activity of 3~ 10 cpm/mg was
prepared according to Roth er al. (19710, as modified
by Lernau ez al. (1980). This wis used in aliquots of 1S
pl mised LD with 125 mp/ml cold globin (NBCO,
Clevelund, OH, USA).

Fifty microtiters of cach test prepacation of enzyme
wits mined with 30 pl globin substrate and incubated
at 28 C for 30 min. The reaction was stopped by the
iddition of TOS pl cold TCA with a final concentration
of 377, The supernatant was sepatated following cen-
trifugation st 3000 rpm for 15 min at 4 C and counted
in Lumas Scintillation Liguid (Packardy 4077 in tol-
uene. The quantity of digested protein in micrograms
was caleulated from the cpm in the supernatant,

Statistical analysis was by the Wilcoxon rank test
(Bishop 1980).

REsuLTS

The etfect of Leishmania danovani or L.
major promastigotes in the in vivo and the
in vitro experiments was significantly dif-
ferent from their respective controls, The
principal difference between the two
species was in the in vivo experiments
(Table 1) where preparations of Philebho-
tomics papaiasi infected with L. major di-
gested 28.0% less than the controls.
whereas flies infected with L. donovani di-
gested 32.4% more than the controls. In
parallel experiments using L. major DCO,
there was a 25.007 decrease in proteolysis,
similar to the result with promastigotes,
while substrate digestion by preparations
of flies fed L. donovani DCO was 9.6%
greater than that of the controls.

In the in vino experiments, where test
materials were added to gut enzyme prepit-
rations (Table 11), the activity measured
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TABLE L
Digestion of CH-Labeled Globin by Gut Homogenates of Plilebotomans papatasi Females Fed on Serum
Containing Either Iu\lmut/uu spp. Prony hlu.nln ur lhul I)md ( ulture Overlayver iDCO)

Ditterence

NMean ' g Protein lhu\lul by Iwnhu.ul.nu“ between
Flies fed digestion by T s e e control amd
ot serum hTURT) contro! Control flics expeiiment

contuining repetitions lmnw Ciales tnvenaee = S s erage
1 l- # L

(]

1. major
pronusshigotes [ 2.8 S9.29 - 420 4272 - 00

L omajor DCO N 219 33X T 41,87 - Tt

1. donovani
promasbgotes s R 8574 - dun AU T V324

L. donovani DCO

207 490N SLAR - B24NS £9.6

“ Preparations equivalent of five guis, U hy uuul\mnn
* Signiticantly dilferent from the contiols £+ 0,00 0 the Wilcovon rank test: NS —- ot stemiticant,
* The samie control used for ll expenmental repetition

was higher than the controls in prepara-  without enzyme had a negligible effect. The
tions containing promastigotes of L. mafor — protein content of 10 x 100 promastigotes
L300 L major DCO (1190, and L. of cither species was 11,55 pg. Protein
donovani promastigotes (38.07), Lower  weight amounted to 50,867 in the /.. major
activity of - 10.2% was observed in the  DCO and 10 51.85 in L. donovani DCO.
preparations containing 1. denovani DCO.
The results of the in vitro experiments veere
all significantly ditferent from their con- Under nataral conditions, only a small
trols, number of Leisiunania species amastigoles
In the ir virro control experiments. the  are ingested with blood by sandfly vectors.,
replacement of flagellates by 11,55 pg Within this blood meal, the parasites. en-
globin resafted in epm counts that were 197 elosed in the peritrophic membrane, divide
lower than those of controls. Addition of  and transform into promistigotes. This de-
unused culture medivm or flagellates  velopment cannot be considered @ true es-

IHSCUSSION

TARLE N
The i Vio Eftect of Lenshmana spp. Promastigotes o Thewr Dred Calinge Overlayer iDCOHY on the
I)IEL\II(III of CM-CGilobin by (nll Ihnnn;.ul.nlcx of Serum Iul I'/:In /hnlmnl/\ /m/uuuw Iun.llu

me Protem digested

Aetace ‘i Difterence

Mean /7 ditterence between
Test N ol digestad by Control control vontrol il
l\pv.lllmnl natetial repetitions vontroh (.n\u.u.c © S oy oment - SE L'\punmnl
i 1. mujoor
Pronustigetes ] .7 104170 - 166 SALE6 - 22 IR
2 .. major DCO 6 37 .70 ¢ 166 1247 - 2 1LY
k] 1. donevani
PrEmastgotes 8 RRIR) KL - 127 BRI BRI AL IR0
4 l. A/HIIUHINII)(() [ ud KI 28+ 127 LIRAIES Nixid 10.2

“ Preparations equivadent of fise puts, V4 hl metbation,
* Significantty difterent from the controls /2« 0,08 in ihe Wilvoron rank test.
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tablishment of infection since early stages
of the tife cycle are not host specific (Kil-
lick-Kendrick 1979) and can occur in the
blood meal of many hematophagous
arthropods (Wenyon 1926).

In the midgut of unfed or sugar fed mos-
quitoes or other blood sucking diptera,
there is little or no proteolytic activity, and
maximal protease level is reached about
18~32 hr following blood intake (Akov
1972: Hardy et al. 1983). Thus, carly stages
of Leishmania spp. in the gut of the sandfly
would presumably not be exposed to high

levels of enzymic activity. High levels of

protease activity cause damage to Plasmo-
divm spp. (Langley 1975: Yeats and Steiger
198 1) and to arboviruses (Hardy ¢1 al.
1983). These evade digestion by carly
escape from the gut, whereas Leishmania
spp. promastigotes remain and multiply. In
sandfly species which take a second blood
meal before being able to transmit parasites
(Killick-Kendrick 1979, Leishmania spp.
developing in the My gut are subjected to o
second wave of proteolytic activity,

In this study. the principal difference be-
tween the two Leislunania species was the
effect they produced in the vector, 1.
major, which thrives in P, papatasi, re-
duced the activity of gut enzymes by 28.07¢
while L. donovani enhanced enzvme ac-
tivity by 32.4%7 in this unsuitable vector
(Tuble D). However, the same L. major pro-
mastigotes in vitro, raised the level of sub-
strate digestion by 11,397 and an increase
of 38.0%¢ was caused by L. donovasni. Since
the direet effect of both leishmanias was
the enhancement of enzymatic digestion in

vitro, it appears that the lesser activity of

gut proteases of L. major infected flies re-
sulted from the presence of smaller quan-
tities of enzymes in the sandfly gut. L.
major DCO produced an effect similar to
that of the promastigotes, i.c.. it decreased
gut enzyme activity by 25.004 in vivo and
increased it in vitro by 11.9% (Tables 1 and
1), suggesting that the active substances
for both functions are produced by cultured
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promastigotes. Of 150 . papatasi fed
serum meals containing 200 promastigotes
per fly, only 2% became infected by L.
donovani (Schlein, unpublished data) in
contrast to 855 by L. major (Schlein et al.
1983).

Adler (1938) noted hat infections of
Leishimania species that are not host spe-
cific died out in P, papatasi ted infective
meals of serum and flagellates. The only
strain that could infect the flies success-
fully was the one they transmit in nature.
Since rabbit serum was generally used to
grow the promastigotes, it could not be in-
herently Iethal, Morcover, since selection
by the vector did not occur when the infee-
tive meal consisted of flagellates suspended
in saline rather than in serum, Adler specu-
lated that the selective factors were elicited
in the gut by the serum. Furthermore, dilu-
tion of the serum in the infective meal led
to proportional increase in the number of
flies infected by a Leishmania sp. not spe-
citic to the vector (Adler e al. 1938). The
quantities of protein in the meals have been
carrelated with the level of activity of gut
enzyvmes in hematophagous insects
(Gooding 1974, 1975: Houseman and
Downe 1983). Hence. the increased sur-
vival of a nonspecilic Leishmania sp. in-
fection in Adler’s (1938) experiments fol-
lowing meals with smaller proportions of
serum apparently resulted from the de-
creased induction of proteases. In the
present study, the reduced proteolytic ac-
tivity was caused by L. major infections
and not by the dilution of meal proteins It
may. however, have a similar effect and be
the reflection of the mechanism which
permits the survival of the parasites.

Promotion of proteolysis was caused by
L. major in vitro and L. donovani both in
vivo and i vitro. A possible explanation
may be that, in vivo, the L. mmajor reduce
the activity of one protease while pro-
moting that of another, and the observed
cffect is the net resuit. Only the latter func-
tion may take pliace under the artificial con-
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ditions and short exposure in the in vitro
experiments with L. major whercas the L.
donovani, a not transmitted species,
cannot reduce the gut proteasc in Phicho-
tomus papatasi cither in vivo or in vitro.

It has been postulated that the suscepti-
bility of mosquito species to arbovirus is
influenced by differences in concentration
of trypsin and chemotrypsin in the midgut
(Hardy er al. 1983). Such differences ap-
parently also occur among different species
of phlebotomines and contribute to the
complex picture of their tolerance to Leish-
mania specics.

Vector specificity has been described in
Old World sandflies. It is not, however, a
general trait of phlebotomines. since neo-
tropical species can harbor infections with
various Leishmania species (sce reviews,
Molyneux 1977: Killick-Kendrick 1979).
Perhaps, the enzyme composition of the
widely susceptible New World vectors is
innocuous while in the Old World vectors
the induction of harmful enzymes is re-
duced by the defense system of the specific
Leishmania specics.
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Trypsin and chymotrypsin-like enzymes of the sandfly
Phlebotomus papatasi infected with Leishmania
and their possible rol¢ in vector competence

D. BOROVSKY and Y. SCIILEIN*

University of Florida, IFAS, Florida Medical

Entomology Laboratory, 200 9th St., S.E. Vero Beach, Florida 32962, U.S.A, and
*Department of Parasitology. The Hebrew University-Hadassah Medical School,

Jerusalem, lsrael

ABSTRACT. Phichotomus papatasi (Scopoli) is susceptible to infection
with Leishmania major Yakimov & Schokov and resistant to L.donovani
Laveran & Mesnil. The possibility that susceptibility depends on midgut
levels of trypsin and chymaotrypsin-like (esterolytic) enzymes was investig-
ated. Infection with L.major reduced the trypsin-like activity t0 93.5% and
86% of the control value at 20 and 30 h post feeding and increased it to
106% at 52 h. Infection with L.denovani reduced trypsin-like activity to
645 and 73% of the control value at 30 and 52 h post feeding. The overall
amount of trypsin and chymotrypsin-like enzymes in L.major infections
was redueed to 0% and 3446 of the control value at 20 and 30 h post
feeding and increased 1o 1844 at 52 h. Only one of the enzymes separated
by gel clectrophoresis was lower throughout, i.e. peak D. Overall, the
midgut enzyme level with L. donovani infection was 86 of the control
vilue at 30 h post feeding and 105% at 52 h; their relative amounts
changed throughout. Soybean trypsin inhibitor enabled 1.donovani to
survive and multiply in P.papatasi. 1t is suggested that a specific compon-
ent of the trypsin-like activity prevents the survival of L.donovani in
P.papatasi and that modutation of this factor enables L.major to survive.

Key words. Plebotomus papatasi, proteolytic enzymes, vector-comne-
) I

tence, Leishmania major, Leishmania donovani,

the meal {(Gooding, 1974, 1975). In the OId
World sandfly vectors only retain infections with

Leishmania parasites are ingested by the sandfly
vector with a blood meal taken from an infected
host. In the midgut the parasites are exposed to
proteolytic enzymes which are clicited, as in
other haematuphagous inseets, by the intake of

Correspondence: Dr Y. Schlcin, Department of
Parasitology.  The  Hebrew  University-Hadassah
Medical School, P.O.B. 1172, Jerusalem, Israel.

Rec'd in 5¢1-

particular Leishmuania species, other species do
not survive (Patton & Hindle, 1927; Adler &
Theodor, 1930, 1934 Hindle, 1931; Adleres al.
1938; Adler, 1938, 1947; Heyneman, 1963).
Aspects of Leishmania vector specificity were
discussed in Molyneux (1977) and  Killick-
Kendrick (1979, 1985).

Adler (1938) demonstrated that the factors
which cause the death of Leishmania in
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Phlehotomus papaiasi (Scopoli) were elicited in
the gut by ingestion of serum. Schlein &
Romano (1986) studied the effects of two
Leishmania species on the activity of proteolytic
enzymes in o Popapatasi. Infections  with
L.donovani Laveran & Mesnil, which does not
normally survive in this sandfly, induced a
32.4% increase, whereas Lonajor Yakimov &
Schokov, the nutwral parasite, caused 28
decrease in proteolytic activity,

In the present study the ettects of L. aajor and
L.donovani on the wetivity and amounts of tryp-
sin and chymotrypsin-like enzymes clicited in
P.papatasi and their possibie role in parasite
survival were investigated.

Materials and Methods

Sandflics. The Phlebotomus papatasi colony
origimasted from sidilies caught in the Jordin
Villey, Adults were kept at 282 1°C with 804
relative humidity and fed on 2077 sucrose and
baby mice. Experimental series consisted of
twenty to forty temales, -5 days ofd: they were
maintained on 207 sucrose.

Proteolvtic enzyie preparation. Groups of ten
or more sandthes were separated at different
times after feeding and homogenized with
mini-gliss homogenizer (Geneons of  Hemed
Hempstead, UK in 601 mlof 30 ms Fris-1CT
buffer, pll 790 at 4 C. Homogenates were
centrifuged for 2 min at 7000 ¢ (Beckman
Microfuge TMB). and sapematants were stored
at =20°C untit used. Fach experiment consisted
of experimental and control groups that were
reared topethor i fed at the same time.

Leishmania preparation, Lonagor LRC-1.137,
a Jordan Villey isolate, and L. donovani 1.RC-
LS2,a hunin solate trom India. were grown at
I8°C on NNN medium for 323 davs. Pro-
mastigotes were harvested, washed three tinmes
in phosphate-baffered saline, pH 7.0, and
brought to 4 concentration of 107/ml. Sandilies
were intected via membrane feeding on meals of
inactivated rabbit blood or serum (incubated
S6°C for 30 min) containing 1% 1 /ml pro-
mastigotes (Schlein cral. | 1983), Controls were
given meals without prominstigotes,

Treatment with sovhean irypsin inhibitor,
Sandflies were fed meals of inactivated rabbit
blood with 17 soybean trypsin inhibitor and
1°/ml L. donovani promastigotes. Control flies

were given similar meals without inhibitor.
Following infection the flies were maintained on
2077 sucrose and water. The dissected guts were
examined 3 days Later under a phase contrast
microscope to determine the proportion of
infected flies in each group. The degree of meal
digestion, number and vitality of parasites were
assessed. “The experiment was repeated twice,

Ay of proteolvtic activiey, General pro-
teolytic activity of homogenates was determined
using hide-powder azure (an insoluble protein-
dve complex)  as substrate according 1o
Borovsky (1985). Hide-powder azure (15 mg)
was incubvsted for 1 it 37°Cinca 6 ml reaction
mixture containing 0.08 s borate buffer, pHIR.S.
Protease activity was followed at 600 nm,

The esterolytic activity of  trypsin - was
measured by the dnerease in absorbance at
10 nm in LOmb reaction misture using
BAPNA as a substrate (Erlanger er al., 1961),
One unit of trypsin activity is defined as the
amount of enzyme which hydrolyses 1.0 gmol of
BAPNA per minute at 30°C, Each sample of
Wb was equivalent 1o one fly homogenate,

Relutive quantitation of trypsin and cliymo-
trypsi,— [1.3-"H]diisopropyIphosphorotluori-
date  (specific activity 3.3 Ci/mmol) (DFP)
(Amersham) (1 4l 5 1Ci) was incubated with
several dilution  of sandfly homogenates for
ISTatd Cin 0.1 mbof 30 my Tris-HC buffer
PH 7.9, Following incubation the [1,3-'H]diiso-
propyiphosphoryl-trypsin and - chymotrypsin
derivatives were assiyed by adsorbing wliquots
ol wo fly equivalent (20-30 41) onto 2x2 em
picees of Whatman no. 3ilter paper, washing
4 Cin 1077 trichloroacetic acid for 15 min. then
twice in 37 trichloroacetic acid for 15 min and o
5 min wash in absolute cthanol. Samples were
driedat 30 Cand counted in aliguid scintillation
counter (Minaxi & TRICRABR J000),

Polvacrylumide  gel  electrophoresis. |1.3-
HIDIP-trypsin and chymotrypsin we.e sub-
jected to moditied Lacmmli (1970) el clectro-
phoresis oo native gels 1 mmthick, 15 cm long.
The stacking gel was 4% (w/v) polyacrvlamide
and 0,125 M Tris-HCLL pH 6.8, and the separat-
ing gelwas 109 (w/v) polyacrylamide and 0.375
M Tris-HCL pH 8.8, Samples applied to the pel
contained 20-50 s protein, the homogenate of
two fly-equivalents. Gels were stained  with
0.1 (w/v) Coomassie brilliant blue R-250in a
1:7:6 mixture of acetic acid, methanol and
water, respectively, for 30-60 min. Gels were
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destained for 24 hin 7% ucetic acid containing
5% methanol.

For fluorography the gels were soaked in
100 ml dimethyl sulfoxide (DMSO) for 30 min,
fresh DMSO  for 30 min and 2277 2.5
diphenyloxazole (PPO) in DMSO for 3 h. They
were rinsed and soaked in water for 30 min.
dried undera vacuum at 60 Cinagel drier (Bio-
Rad, Richmond, Calit., U.S. A Yand exposed to
Neray film for 5-7 days at =70°C. Quantitation
was by densitometry (Quick Scan R&D, Helena
Laboratories). The sum of the arca under the
peaksinthe control, for cach experimentat time
wias defined as 10U densitometric units (J).
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Results

Maximum proteolytic activity in blood fed flies,
measured using hide-powder azure, was seen
A hafter the meal (Fig. 1), 90-92¢ of the total
esterolytic activity was accounted for by trypsin-
like activity, as measured with BApNA, and
8=109% by chymotrypsin-like activity.,

Activity of tivpsin-like enzymes determtined
with BApNA incontrol lies was 6,2, 7.5 and 7.0
units per Ay at 20, 3 and 32 1 post feeding. In
L.major-infected flies trypsin-like activity was
YIS R0 and 106¢ of the respective controls
at 200 30 and 32 he In Lo donovani-intected flies

w

~

ABSOPEANCE 600 nm

[} 10 20 )

40 50 60 70 80

HOURS ATTER BLOOD MEAL

FIG. 1 AIkahne protease actisity i P paparasi during digesnion of blood meal: 10 4l sumples of tly
homogenites tone 1y equisident) were incubated at 37 C tor i h with hide-powder azur. Activity wins
tollowed at 600 nm. Each pomt represents the averaspe of two determinations.

TABLE 1 Trypsin-bike acuviny and levels of trvpsin and chvmotny psin-like enzymes of P papatasi at different
times following artiticial infection with Lodonovan snd Lomagor. Trypsin-like activity wits measured following 20
min ircubation of HEgd tly homogenate aliquots (1 11y cquivalent) with BAPNAL Relative amounts of esteroly tic
enzymes were evanluated by the bound [1L3-HIDIP an 20 48 fly homogenate aliquots.

Meal Tine post Teeding
h
DIP tevel Activity
{cpmy
Rabhit blood 27,740 6.2
Rabbit blood+ L. major 13,912 hB
Rabbit blood+ .. donovani ND* ND
Rabbit serum ND ND
Rabbit serum+ L. major ND ND
Rabbit serum-+ L.donovani ND ND

rh S h

DI Jevel Activity DIP tevel Activity
{cpm) tepm)

31.350 7.5 20,468 7.0
10,014 6.45 31720 74
27.008 4.8 21,489 5.1
20,98] 23 ND ND
20,9560 1.8 ND ND
20,580 4.6 ND ND

* ND=not done.
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TALLE 2. Refative quantities of [1.3-'H]DIP trypain and chymotrypain-like denivatives trom P.papatesi fed on
bloud with or without Leishmania at ditierent times postanfection. Analysis as in Fig. 2.°

Peak Time post feeding

200h Mhh

Control 1. niyor Control {..major
A S 22 1.8 1.8
B t) 06 3.7 1.8
¢ 40.0 1.4 0.0 06
C, 08 0.6 12.9 0
D [ 1.8 1.4 REY
D, 0.2 10 S0 2.7
i: 4.8 0.4 21 (4
£, 0.2 0.2 1.5 0
F [4.3 7.5 73 0.4
F, 41 o 22 0
G 4.1 166 (Lt 0
Totat Loo.a 7.0 100.0

Sth

L. .danovam Control Lomajor L donovani

U] 0 {] 4]
1N 0 1] 0
e s b BRI
0 8.0 12.0 9.3
I8.0 29.4 16.0 241
0 181 24.0 9.6
1.5 7.6 12.0 5.4
7 54 I4.0 1.5
1.7 1 4.3 1]
0n Ul 120 0
0 ] o {)
bR 100.0 1803 106.3

* The sum ot the arca unider the peaks in the control at cach expenmental ime was defined as 100 densitometric

(d) units
FDensitometric unit,.

tevpsin-hke activity was 6407 and 73 of the
controb values at W and S2h Trypsin-like
actvityan serum fed control flies was 2.3 units at
30 o Lonagor-infected fies it was 7877 ot the
controlvedues i Lodonovani it was 2000 of the
control value (Fable 1),

The tnvosin-ke  and
chymatnypsincike enzvmes by the conversion of
[L3HIDEP 10 DIP dervatives is based on the
speatic covalent binding - of  tadiolabelied
disopropsl by phosphonvdation ot the serine
restdues ot trypan and chymatrpsin (Jansen o
alo W99 Davon o al L 1938). 1 topsin and
chymotypsinnke enzvmes were
toeether m tus study,

The total binding of DEP i bood ied contiols
was 277410 3 T3S0 and 20068 epanat 20, 30 and
S hpostfeedine £ Table 1y The total binding in
Lanajorintected thes was 3077 of the unimfected
controlvadue at 20 hand 3470 at 30 h postintec-
tion. The bindimge in Lo domovani nfections was
YOt of the controbvidue 30 h post mfection. At
32h post

quantitation  of

considered

feedig these proportions were
reversed such that in Lomajor-infected  flies
binding was 84 greater than in the controls:
whilst in L. donovani-intected flies binding wis
576 higher than in the controls,

The total binding in serum-fed controls wis
8677 of the unintected blood-fed cantrols 30 h

§] k
L SARI YA

DISTANCE (™

FIG. 2 Denstogram of trypsin and chymotiypsin-like
esvmies ot Popapatase, 200 hedier artiiciad blood feed-
g with or without Lenhmania: (a) control; (b)
mfected with Lomajor. Fly homogenates were incu-
bated with [L3HIDIP. 200 aliquots (two fly
cquivalents) of cech homogenate containing the [1.3-
HIDIP ensyme denvatives were separated via paly-
actylamude pel electrophoresis, Autoradiographs of
the gels were analvsed by densitometry.
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FIG. X Densitogram ot tivpan i chymotiypain-like
enzsmes of PP papatass 30 b attes artticud blood teed-
g, with ot without Lenduman: () miected wih
Lodonovani (by contral (0) intecte] with 1. nwajor
Lependasm b 2

post feeding. The binding o flies piven either
meals contaimng Lonmagor or 1 donovani with
serum were 07 and 6377 ot the blood-fed con-
trol value, respectivels.

Densitometry of the radiolabelled ensvmes
(DIP derivatives of tnypsin and chivmotry psin-
like enzymes) of Lomajor infected tlies showed:
J120 b postintectiona reduction in all the peaks
(total =476 umts) compared to the control (100
units), exeept B oand Gt 300h post infection
further redaction m all peaks (total =32, 3 umits);
at 32 h postantection an nercise i all peaks
(total= 180.5 umits). exeept for D (Table 2: Fags,
2-4).

Densitometry ot the DIP derivatives of
L.donovani-infected flies showed: at 30 h post
infection adecrease inpeaks A, C, ), Dy FL G
and anincrease i the remadning peaks
(total=83.2 units): at 52 h post intection peaks
C. Cio Epowere preater and peaks D, Dy, E
smualier, giving an overall value of 106.3 units
(Table 2; Figs. 2-4).

Twenty-four of the thirty-cight flies fed 14
soybean inhibitor in blood meals with 10¢/ml

RELATIVE DENSITY

5 10 1
DISTANCE M

FIG. 4. Densitogram of trvpsin and chymotrypsin- like

ensymes of P papatasi 32 hatter artilicial blood feed-

g, with or without Leishmanta: ) infected with

L donovant: (by contiol; (¢) inlected with 1..major,

Legend asin Fug, 2

L.donovani promastigotes  contained  both
Lodonovant promastigotes and  undigested
bload. Numbers of parasites per fly ranged from
severadhundreds to about 2000, Eleven of these
flies contained only dead parasites. Only six of
the forty control flies retained some of the blood
meal and four had live, active infections. The
number of parisites did not exceed several
hundreds. The presence of parasites in the
experimental versus the control group wis sig-
niticantly different (2<0.001) using the ¥° tost.

1L..donovani multiplicd in NNN cultures con-
tining 177 sovbean  trypsin inhibitor o
25%1/ml after 2 days and decreased to
L7x1r by day 4. Control cultures were
21 10%/ml on day 4.

Discussion

As in other hacmatophagous Diptera the blood
meal of P.papatasi induces proteolytic activity
(Champlain & Fisk, 1956; Gooding, 1973:
Briegel & Lea, 1975; Graf & Bricgel, 1985;
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Borovsky, 1985, 1986). The peak of protease
activity ut 30 h post feeding in P pupatasi was
similir 1o that of Culen nigripalpus Theobatd
(35 ) (Borossky, 1986). Further similaritics
were seen in the proportion ot esterolvte
activity contributed by arvpsin-tike enzymes,
YU-9200 i P papatase and SO Conignpalpus
{Gooding. 1973 Borovsky, [986) and 730 1
Aedes aegvpri (L) (Briegel & Lea. 1973)

Bath the type ot blood meal mgested by the fly
and the Lenlmania chicied
dilferent fesels of proteolytic ensvmes and
activities in P.papatasi. The three parneters

presence ol

eximined were tivosi-hke activary, the totad
quantity ot tivpsine and - chvmotrypsin-hike
cnzymes and therr elative amounts over tine.,
The ettects o teeding with serum are cearhy
ditterent nom those obtained by feeding with
natural meals of whole blood. The level of tryp-
sin-like activity was markedy reduced m setum-
fed ties 12070 ol the blood ted controb sadue)
with i turther reduction to 15370 m the presence
ot Lomapor and an inereise o 70 with
Chable 1 Sunddar results were
reported previousty (Sehlain & Romano, 19861,
However, the amount ot typain and chyvimotry p-
sin-lhe enzvmes was 86’ of that seen in blood-

[ donovam

ted thosowhilstantection with either 1o major of
Lodonevani reduced this turther o 637 and
67" ¢ ot the control vatue Clable 1),

Intecton witly Lomagor i the presence of a
bloodmealbieduced the level otactivity to 93,575
and 86'¢ ot the control value at 20 and 301
postieedme and mereased 0o 103,777 at 32 h.
The overall wmount of typsin and chumotsvp-
sin-lhe enzvmes was reducsd o 307 and 344
of the control sadues at 200nd 30 h post teeding,
hat mcreased to 84w 32 h (Table 1), The
reliutive amounts of these ensvmes as separated
by wel electiophioresis chianged with time pagal-
lelmg the overall values, but specitt compon-
ents showed contrary changes: peaks B oand G
were greater at 20 b post mtection and peak D
smaller at 32 b post mtection (Table 2; Fres, 2
and ).

Intectionwith £ doncvaniin the presence of o
blood meal produced i difterent ettect from that
clicited by Lomagor. There was a larger redue-
don e trypsin-hke activity wt 300h (649 of the
control value) and o smadler increase at 32 h
(73¢ of the control value). The overall amount
of teypsin and chymotrypsin-like enzvmes wis
only reduced 1o 8677 of the control value 30 h

post feeding, rising to 10590 4t 32 b (Tuble 1).
Similarly the composinon of these enzymes
changed, those represented by peaks AL C. D,
Fr Godecreased, whilst the remainder increased
3 h postintection. ACS2 B postindection peaks
CoCn Eomereased and DL DL B deereased
(Table 20 Figs. 3and 4y,

Lomaor s transmitted by Popapatasi - in
nature. Skl numbers of parasites are sufficient
to establish high rates of infection. The ability of
Lomajortasurvie and thrive in 2 papatasi does
not mvolve an overall reduction in protease
activity or mote specitically trypsin-like activity,
However there is a moditication i the wimounts
ot mypsin and - chymotrypsin-libe  encymes
chated: catly on there is o macked deerease
tollowed by amarked increase i all the compon-
ents. with the exception ot peak 1. Thus,
senerally high levels of proteolytic enzvimes can
be tolerated by Lomajor. This suggests it is the
moduliation ot a specitic component, c.g. peak
D.owhieh facilitates survival.

L.donovaniis not transmitted by P2 papatasiin
nature and seldom survives in artificial infee-
tons with smadl numbers of parasites (Adler.
1947: Schiein. unpublished observations). The
eifect of Lodonovani on e protease. of
Popapatasi diftess inseveral respects from that of
Lomajor. Although there is o greater reduction
i overadl tnvpsin activity, the amonnt of trypsin
and chymotrypsin-like enzymes i+ much higher
catly oninanfection. but is not tollowed by the
ncreise seen i Lonajor. The presence of soy-
bean trvpsin inhibitor ininfective mcals of
L_donovani enables the parasites to survive and
muldtiply. - This indicates  that - trypsin-like
cnyvimes are instrumental in preventing the
estublishiment ot Lodonovani intections. The
data suggest that a specific component of the
trypsin-like activity prevents the survival of
L.donovaniin P.papatasi.

There is evidenee that insusceptibility of Old
World vectors to ditferent Leishmania species
may be overcome by ingestion of much larger
numbers than are ingested in nature (Adler,
T3S, 19470 Adler & Theodor, 1927, 1929),
Sinee small numbers of Lonajor can lower the
amounts  of - typsin and - chymotrvpsin-like
enzvmes, albeit to o much lesser extent than
L.donovani, much larger numbers of the latter
might induce a sufficient reduction, either over-
all orin a specific component such as peak D,
thereby tacilitating survival.



Lershmaniac are not the only pathogens which
are affected by gut enzymes of the veetor, High
levels of mosquito proteases ciause damage o
Plasmaodium (Lingley, 1975, Yeals & Steiger,
TORT) and arboviruses (Hardy er al, JUS3).
However, they evade the enzvmes by ocarly
escape whereas Lesshmania ceman in the gut,
As reported by Schicin & Romano (1956) and
contirmed in this paper, Lesmania is able o
manipulate the tevels and activities of proteals -
tic enzyvmes in the veetor. We suggest that o
specific component of the trypsin-like activity
prevents  the L donovani n
Popapatasi and modulstion o this factor by
L.majorenablesitto tho e A hypothetical can-
didate is the enzyme sepresented by peak D,
which is the only component reduced in the mid-
gut of thes infected with £omajor.

survivil - of
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