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Dispersal of the Plllebotomus papatasi in the Jordan Valley 

The sandfly Phlebotomus piapatasi (Diptera: Psychodidae) is 

the main vector of cutaneous leishhmniasis in the Jordan Valley, 

where it enjoyes a close ecological relationship with the main 

reservoir hos1. of the disease, the burrow dwelling si nd rat 

Psarnmornys obtsus. In recent years intensive agriculture h.-s 

changed the physical feoa tures of the Jordan Valley environment

the natural habitat is receding as more land is cultivated. Most 

agricultural fields lie fallow during the summer months, 

Nevertheless, man'/ sa idflies are "o be found crossing them. 

The dispersal of sandflies has been studied in the past, 

mainly with tle m arR-release-recapt re technique. The' overall 

picture resultin.g from these studies is that sandflies are 

generally sedenttU, y they travel 200but may from to 2000 metres 

during a night, 

Assuming thlat samples trapped existing burrows consist of 

both d ispersing arid non-dispersing flies, whereas samples trapped 

over the fallow fields would contain mainly dispersing flies, we 

compared them in 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, insEmcnation and infection 

with Leishmania promastigotes. 

In all the comparisons between flied caught over the bare 
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field and those existing burrows a significant difference was 

found. The ratio of males to fer. les in our laboratory colony and 

in numerous samples ;rom burrows does not deviate significantly 

from 1:1. In the bare field the females constituted 76-68.5v 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 i It Is apparent that 

gravid, blood fed females do not disperse: 26. of those exiting 

burrows were 1n stages ]II-V of the gonotrophic cycle, as opposed 

1.0 Ii.67 of the dispersing ones. The sugar feeding status of the 

blood fed females exiting and entering burrows (Table 3) 

indicates that the mdin reason for their activity outside burrows 

is sugar feeding, which explains the short duration and 

localization of t h1Is activity. Blood fed females who test 

negative to anthrone are young females who take a blood meal in 

the burrows before taRing a sugar meal, and are compelled to exit 

tile burrow during the digestion of the blood meal In order to 

find a sugar meal. 

On average 55.AY of the dispersing females were pareous, as 

opposed to 39z of those exiting burrows, which indicates that the 

age of the dispersing flies is 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 9Z of exiting 

females, and 2.Y had no vestiges of blood in their gut. In the 
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bare field 2.6/ of the females examined were In 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 is practically the only source of Leishmania in this 

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

the fallow fields:, it i. certain that all Leishmanila infected 

females dispersed away f:om their bur-rows. It was found that in 

Turkemenistan tle lispersal of P. caucasicus and P. papatasi was 

limited by the availability of burProws of the great gerbil 
0 

Rhombormy- opimu. anid in the new world several species of Lutzmya 

do not cross bare, arid clearings iII the rain forest. It is 

possible that. in the Jordan Valley the abundance of humid, 

fertilized fallow flelds enhances the tendency of P. papatas 

females to disperse, t.herefore increasing the risR of infection. 

Several worRer's have suggested the creation of a cordon sanitaire 

devoid of rodent )urrows around human settlements In endemic 

areas. This may be inadequate even if they are wider that the 

nocturnal flightL range of the vector, if suitable shelter (other 

than rodent burrows) may be found in them. The blood fed females 

exiting burrows in 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 defined 

area (near burrows) with a well defined appetitive behavior

sugar feeding. 
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le 3- Fructosen in guts of blood fed and non-blood fed female 

Phlebotomus papataxi exiting and entering sand rat burrows. 

Behavior Blood No. examined X Positive 
fed (S. D) 

Exiting 52 3 8. 11 It. 2 
Burrows 46 7 8.2-5.7 

Enteiing 
Burrows 

+ 19 
48 

93.8-3.9 
81.2!6.8 

- Determined with cold antlirone. 



Oviposition diapause and otner factors affecting the egg-laying 

of Phlebotomus papatas in the laboratory 

Tile maintenance of a sandfly colony is tedious and 

precarious as is evident from the variety of methods described 

since the first successful breeding of Phlebotoms papatasi 

(Scopoli) by Wittingham & Rook (1922). One of the main problems 

is the death of females before or during 

oviposition and the ensuing loss of eVggs and aduLlts. Our initial 

intention was to stu Iy tile oviposition response of P. papatasi to 

stimuli in the closed environment of the cages, however, during 

the work we encoun t ered the appearance of oviposition diapause, 

I.e. the retention of a very large proportion of the eggs by 

gravid females towards th e winter. The phenomenon was relevant, 

and tile study was. extended to include the observations on tle 

influence of light on the d1apause. 

The deg ree of retention of eggs by females apparently 

indicates a vai1able reaction to release and Inhibition stimuli, 

which modulate the process of oviposit ion. Hence, in addition to 

the significance for breeding, the oviposition 

control system is an Interesting aspect of behavior. 

Therefore, tills study was undertaRen to elucidate thls 

aspect of the biology of P. papatasi as well as to Improve the 

method of culturinp. 

In this study we have observed that the rate of oviposition 
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by P. papatas females is initially a seasonal phenomen since erg 

retention occurred t.hIeat oinset of winter under starndard 

Insectary confdI tbIoi. i-xposure of gr avId females to variius 

environmental s Limuli Ienion, tra ted the influence of such facors
 

on the degree of oviposi tion1.
 

OvipositiOnl promo t er'.-.
 

Ovposition of 1. patas was increased to a hihly
 

Sill If) ca ii t. extent. above Cotral levels using two inds o f 

s Li null: ava i Ia bill y o furifrows or se r ra t. Ions of "egg niches" tit 

the pla.ter b of cares, an dsubstifraIe the presence of aged cow 

iaiuIe (l it ' v; I med ti n) or a1 combin a LtiI of both these factor. 

The i r-a Lvs t no in beri , of -. n a rO rid 1I1 i/female /weeR, were o t t. i i,-I 

era I'd less 

plasrter (Ta)le 1 I). l'Pre fr'elice for f tfrr1,o)wed sjrfaces of i ), 

oVlpo ,isbstrt Lt.io, wat I.l y 

ill Ilthe I)r erIce of Il ai I1 r er of the structure of 11, , 

,appare a reaction of the rl-Otlheriel 

Lex Lu v e o f the pIan ter of lar i s si rice, sfitooth d,-pressions ma , 

wilie LIe plast.err V -sof L, hra Il ,., sIci effect (u npu bi shIed 

data). A sir ir ,il 11ysi icl distille I.iOli between surfaces occurs 

wil.h Ii oroui toes; for exainple Aedes Ye:-xa is prefers laying among a 

certain size ei: sand particles. 

Increased oviposition dliI not cause higher fly mortality, 

This Indica tes tlat the series that laid sIgnificantiy 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 eggs/fly/weel~s. The effect of larvae 

apperently diminished to some extent during the experiments, as 

many died, pupated or were cannibalized. It is interesting that 

mosquito larvae of many species have tie opposite effect and 

Pr'Oduc "f , vlposlt 10011 atTcaltants,
 

The effect 
 of presence of pupae on oviposition was smaller 

and limi ted in -,,Ie, .:ing significantly different from the 

control 6.2 vs 11.0 eggs only on the 'I tl day of the experiments 

(Table 2). 

The rea.c t ion of f1:es to confi nem,en t in a volume smaller 

than that o f coi t ro1l.- was similar wl t.her they had a stan(ard 

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/weeR. 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. 
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In these experiments the reaction of flies to the various 

test conditions was expressed in the degree of oviposition. Egg 

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 larval density. Such facLors would be used as 

cues In the search behavIour Cuiding the selection. Hence, the 

experiment al factors wlich stimulated or inhibited oviposition 

would under natural conditions function primarily as attractants 

or repellents in the searc h for a oviposition site. 

Seasonal rate of oviposition 

Comparison of the control series during the months from 

April to Decernber 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 11.5 to 18.6 

dropping to only 1.11 eggs/female/weeR after mid-October. For this 

extreme reduction in the oviposition we suggest the term 

o vip o si t i on - di a pa u s e. 

These changes took place in a stock of P. papatasi 

maintained In constant conditions of 260C 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 Is interesting to compare 

the abundance of P. papatasi in nature with the rate of 

ov 1PosItlori In the laboratory. It seems, that the increase of 
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oviposition in August (Fig. 5) gives rise to the build up of peak 

populations of Jadults 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 seasonal density of P. papatasi adult populations 

in the field. This ph(:nomenon of oviposition-diapause may be an 

over-wateringC lec!lanfsr:, possibly comparable to tile gonotrophic 

dissocia tion which occur:1 in, for example itseminnated female 

mo!:qu it oes of UIe .AL l ICo Ie s mactI penni e i,en complex. 

An in finite number of variations ill timing, intensity and 

"luration of t.reatmnen t with irradiation are possible and those 

used in the ex perrrnen ts welre chosen randomly. The results do 

however demonstrate that oviposition diapause can be broken by 

ultra violet ligLt. U V in the sunlight that reaches the earth is 

of waves longer than 300 nm. Comparison of the UV maximal 

intensity during tile year in Jerusalem and the monthly averages 

of oviposition of . papatasi demonstrate a good correlation 

(Fig. 5). Furthermore, between October and April, there Is no UV 

in the sunlight until 8.00 hrs or after 16,0 irs. Thus very 

little UV irradiation can reach P. papatasi adults when they are 

active at dawn or dusk at the 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 

differs from the way that phtoperiod, in the form of day-length, 
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qoverns winter diapause of many organisms, for example the 

mosquito Culex inpjrie ns i. Israel.
 

Since this 
 is the first observa tion of ovipositinn diapause 

in sandflies, it si not yet Rnown whether it occurs in species 

other than P. l!apat--j.si arid whether this phenomenon is correlated 

to larval diapause. Possibly UV light is the primary cue for both 

drapauses arid tis poss1blity could be irivestigated in a species 

such as P. pa t.as" i I which larval diapause could previously not 

be Int.errupt.ed. 

Cooper at ion 

The method of morRing sandflies by feeding of sucrose bait 

coltainling food dyes is employed in Kenya for the study of 

dispersal :In( other' aspects of sandfly behaviour. This worR Is 

carried out by a Ph.D. stu(ent guI(led by Dr. M.J. Mutinpa. 

Further developmentL.1: in the research indica te the plausibility of 

islnp tihe sugar , ba In with control ae nts. I intend to suggest. 

to D,. Mutinga to carry out field trials in Kenya in the near 

future. The continuat ion depends on the possibility to extend the 

use of the funds allocated for travel beyond the three years 

period. 

P u bl1i c a t i o rns: 

Schlein, Y., Borut, S. arid Jacobson, R.L. 1989. OvIposition 

diapause and otiher factors affecting the egg laying of 

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

press. 

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

Jor"dan VallRey. V. Dispersal of Phlebotomus papatasi (Diptera: 

Psychodidae). J. Med. Vet. Ent. in press. 
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iable I. Average one-week ovipozition of P. papatasi 
different treatments (April-Octobe').
 

Experiment 

(plIster 1.ith treatment) 


females on substrates with 

Control
 
(plain plaster)
 

Treatment 

Furrows present, 

row manure absent 


Cow manure present, 

furrows ab.zent 


Cow manure and 

furrows both present 


SE Standard error
 
NS Not significant
 

Day Mcan 

1 1.6 
2 2.5 
3 5.2 
11 8.11 
5 15.1 
6 19.8 
7 29.6 

1 16.9 
2 20.3 
3 25.8 
41 27.9 
5 33.9 
6 36.8 
7 39.7 

1 12.0 
2 1.0 
3 
41 

25.7
29.8 

5 31.11 
6 39.1 
7 !10.9 

SE 

0.87 

0.93 

1.84 

3.39 

14.77 

3.66 

1.38 


11.14 

3.3 

1 .0 

3.17 
41.9 

5.39 

3.63 


3.47 

1,77 

5.1 

11.31 


1 .37 
3.011 

Z.44 

Mean 

0.9 

1.6 

2.9 

3.5 
5.3 

6.7 

10.2 


7.1 

7.7 

9.5 


10.2 
11.11 

14.2 

28.6 


7.2 

8.0 

8.9

9.0 

9.4, 
13.5 

20.9 


SE P 

0.4 5 
0.72 
0.57 
0.64 
0.38 
1.08 
1.96 

NS 
NS 
NS 
NS 

<0.05 
<0.005 
<0.001 

2.58 
2.62 
2.04 
1.81 
1.9 
3.54 
5.31 

NS 
<0.02 
<f.01 
<0.002 
<0.005 
<0.01 
<0.02 

3.00 
2.98 
2.85
2.81 

2.82 
4.6 
6.33 

NS 
NS 

<0.05
<0.01 

<0.005 
<0.002 
<0.01 



Table 2. 	 Average 
of 3rd 
(April -

Treatment 


Larvae 


Pupae 


SE standard error
 
NS not significant
 

one-week oviposition of P. papatasi females In presence
4th stage larvae or pupae compared to controls 
October).
 

Experiment 
 Control
 
Day Mear, SE Mean SE 
 P
 

I 0.4 0.3 
 0.2 0.14 NS

2 0.5 0.3 
 1.0 o.46 NS
3 0.6 0.31 3.4 0.74 <0.01
4 0.9 0.31 6.5 1.8 
 <0.015 1.4 0.52 9.1 2.11 <0.016 4.3 2.5 12.3 3.37 NS7 
 7.7 4.05 15.0 4.73 NS 

I 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 NS4 6.1 1.04 11.0 1.56 <0.055 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
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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 cor a 

rational presentation. 

Effects of blood meal on the vector potential of Phlebotomus
 

papatasi
 

The development of Leishmania 
 in its zandfly 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 governing the
 

vector's competence can, thus, be classified into two categories: 

the innate capability permitting the development of a given 

Leishmania that results from physiological 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, 1938) which was aimed at 

Investigating the phenomenon and which demonstrated that 

components of the blood-meal Induced vector selectivity. Adler, 

using artificial feeding, showed that a non-transmitted 

Leishmania could survive In the sandfly following infective meals 
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of erythrocytes and whereassaline, following meals of serum and 

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 blood and they could be effectors of Leishmania 

selection. We compared the effects of the naturally transmitted 

L. majo and of L. donovani, on the gut enzymes of Plebotomus 

papatasi, using gut homogenates of artificially Infected flies 

and uninfected controls as enzyme preparations. The digestion of 

C 1 4 labelled globin substrate by preparations from flies fed 24 

hrs earlier on serum containing L. majo was about a third less 

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

donovani was one thirdabout greater. When added to control 

homogenate, In vitro, 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 meal andinfective (Borovsky 

Schleln, 1987). 

not vary 

The overall amount of the enzymes In L. majo 

infections was reduced to 50,: and 347 of the controls, 20 and 

hrs post-feeding and increased to 1847 at 52 tirs. The general 

levels measured for flies infected with L. donovani did 

consIder'ably from the controls, however, the quantities of 

different enzymes that were measured from gel-electrophoresis by 

densitometry were different. The greater effect of L. major leads 
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to the suggestion that the massive manipulation of gut enzymes by 

this species represents its defence mechanism against enzymes of 

its vector. To substantiate this assumption, it was necessary to 

demonstrate that the trypsin-like enzymes of P. papatas were 

harmful to L, donovani. This was confirmed by adding iZ soybean 

trypsin-inhibitor, to infective meals, which resulted, 3 days 

later, in 63Y of the flies harbouring L. donovani compared to the 

control's toy. 

All the experiments to investigate the fit betwean vector 

and pathugen were carried out using the blood of cne host, the 

rabbit. However, there is evidence that the choice of host can 

also alter viector competence, as shown by the death of L. majo 

in P. paLata.i that fed on turkey before or after the infective 

meal (Schleln et al., .A983). Chicken blood given 24 hrs following 

an infective meal of parasites in saline had a similar effect and 

no parasites were observed in flies dissected 3 days later. As 

with L. donovani, it appeared that trypsin-like enzymes were 

responsible for the vector's resistance, since the infection 

succeeded in 63X of the flies, when Ix soybean trypsln-inhibitor 

was added to the chicken blood-meal (unpublished data). According 

to these results, it appears that even the adaptation of L. majo 

to P. papatasi is limited and it cannot cope with the composition 

of trypsin-like enzymes elicited in 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 
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cycle it was of interest to observe the effect of sucrose based
 

media on culturea parasites.
 

In experimental sucrose solution, 
 L. majo continued to 

divide and multiplied by 38-467. Paramastigotes and aflagellates 

are forms present in late stages of Leishmanla infection in 

Phlebotomus papatasi. They constituted 797 of the forms in 

sucrose medium, but a maximum of 15Y in NNN. Rate and degree of 

transformation varied as a function of the life-cycle of the NNN 

started culture. Motility was lost in sucrose media but was 

retained in a mixture of sucrose and Ringer's solution. In the 

latter mixture, the parasites exhibited transformation as well as 

attachment to the substrate and morphological changes of the 

flagellum similar to those occurring in the sandfly vector. 

Parasites from sucrose medium and from P. papatasi reacted 

similarly, whereas those from NNN reacted differently to a 

monoclonal altibody. It is suggested that transformation of 

L. mAJr: in sucrose media resembles this process in the vector. 

Marking of Phlebotomus papatasi y feeding on sprayed coloured 

sugar baits 

There is no information on the actual sources of natural 

sugar meal of saandflies, except for the observation that in the 

laboratory P. pPp atas feeds selectively from plants and on 

honeydew (Schlein and Warburg, 1986). This sandfiy - plant 

interaction suggested the possibility of marking the flies by 

feeding them on dyed-sugar baits In the field, assuming that the 
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sprayed baits would compete with naturally available sources of 

food.
 

P. papatasi occurs in great numbers in the burrows of the 

sand-rat Psammomys obesus in the endemic focus of leishmanlasis 

in the Jordan Valley. We sprayed sugar solution mixed with IX 

food dye un plants in ;I limited area around the rodent colonies 

and the flies were afterwards caught with CDC light traps. The 

dye marked an average of 25.97, 507 and 32.97 of the P. patasl
 

caught respectively after 
 the ist, 3 rd and 6 th night following 

spraying. The usual method for studying sandfly dispersal 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 sever-at purposes in the 

study of sandfly behaviour feeding and dispersal. It could also 

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

to the sprayed solution, The influence on caught flies can be 

observed back in the laboratory, using unmarked flies as 

controls. 

The development of sandfly forms of Leishmania In sucrose 

solutions 

The dominant form of Leishmania ir profeinaceous cultures Is 

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 promastlgotes, paramastigotes, and 
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aflageIlates. Paramastigotes and aflakvellates 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 in 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. 

majo continued to divide and multiply by 38-467. Paramastigotes 

and aflagellates constituted 797 in sucrose medium compared to 

maximum 15y in NN starter cultures. Motility was lost. in sucrose 

solutions but it was retained in a mixture of sucrose and 

Ringers' solutions. In the latter, the parasites exhiolted 

transformation as well as attachment to ther substrate followed 

by thickening of the flagellum. The thickening appeared similar 

to the hemidesmosomes formed by attachment of the flagellum to 

the cuticle in the gut of the vector. The transformation of L. 

major in sucrose solution resembles, and is apparently similar to 

the development in P. papa tasi. 

It is 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 traits 

of the stages occurring in the sandfiy vector.
 

Evaluation of food-dye marking in the stud, of sandfiy behaviour 

in Baringo district, Kenya 

Evaluation of the food-dye marking method fov the study of 

sandfly behaviour was carried out in Baringo dis tr ict, Kenya. 

This method was developed by us and tried successfully in the 

Jordan Vallkey (see previous chapter In the report). 

Bait solution of sucrose and food-dye was sprayed theon 


vegetation around an animal burrow which was the source of 

sandflies. The extent of marking and the distribu tion of coloured 

flies within a radius of 200 m was monitored for 4 niphts. The 

species caugh1t wer Sergentomla clydei, S. schwetzl, S. 

antennatus, S. squamipleuris, S. bedford, S . africanus, S. 

ingrai and S. affinis. Feeding on the bait marked 68.9y of the 

flies caught at burrow's entrance. The total number of flies 

caught at a distance of 50, 100, 150 and 200 in -: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 is based on 

the application of dyes to capture flies which are then released. 

Dispersal Is 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 is that it 

enables the observation of the normal undisturbed behaviour of 
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the sandflies. It is also possible to study the behaviour of 

populations since the marking can continue for a long period. Two 

major problems in the epidemiology of visceral leishmaniasis in 

Kenya are the identification of the reservoir animals and the 

location of the sources of infection. Monitoring the behaviour of 

sandilies with this method may hlep to solve these problems and 

elucidate other aspects in the behaviour of vector sandflies. 
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THE EFFECT OF POST-BLOODMEAL NUTRITION OF
 
PIILEBOTOAILIS ]P,tlT.-ISI ON THE TRANSMISSION OF
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Abstract. To test the effects ofpost-bloodneal nutrition ofsand flies on the transmission 
of Leishmaniamajor, groups of infected I.papatasi females maintained on diets of'sucrose,
trehalose, albumin or a mixture of sucrose and albumin, were subjected to forced feeding
with capillaries. Traismission was evaluated by counting the parasites egested; numbers 
ranged from 0 to oer 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 egested were typical inflective 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 infi.c-
tions by feeding oil an infected vertebrate host. 
Transmission occurs several days later when, fol-
lowing oviposition, the next bloodmcal is taken.' 
In the interim period the flies take regular sug-
armeals. probably of plant origin.- ' 

Transmission of Leishliania by laboratory
reared sand flies which are routinely nl,intained 
on blood and artificial sugar diets is difficult to 
achieve and unpredictable for reasons which may 
be attributed to the lack of specific nutritional 
factors.' Under experimental conditions, labo-
ratory-reared 1P.papatasi obtain sugars from 
plants by probirg leaves and stems as well as 
from honeydew secreted by plant-sucking ho
mopteran insects.' 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. I 

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

Accepted 9 April 1986. 

ofa large number of infected flies. Microscopial 
observations cf the mouth parts made during 
forced feeding provided us with information rel
evant to the possible mechanism oftransmission 
by bite. 

SAIIRIAI.S AND MtiTIiI))S 

.S'and/lie. 
J'leoloiuspapatu. were obtained from a 

laboratory colony maintained at tileDepartment 
of Parasitology, Hadassah Medical School. 

Leishoia 
The Leishilania major strain used was a re

cent isolate from anaturally infected wild-caught 
P. p female. 

'Irtificial infections and post 
bloodniealdiets 

Cultured promastigotes were washed, counted 
and resuspended in a mixture of defibrinated, 

inactivated rabbit blood and normal saline (4:1) 
to a final concentration of 2 x 106 promasti

926 
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Fi(.till 2. Scheme of a sagittal section ota P. pu-FicitstR I. Forced feeding of P. papata. The pre- patam female showing the dillierent pirts (f te ali
constricted end ofa t icrocapillary (C') is slipped oer rnentary canal: foregut (F(;.midgut (NIG),hindgut
the mouth parts folding back the labiurn (INI). Sucking (tIG),mouth parts (iMP). cibariurn (CI),cibarial valve 
isevidenced b\ flexing (ftlhe clpeus (arrow esophagus (FS).and fluid (CV).phr nx (PlH). stomodeal valve 
ispassed to th'o abdominal midgut. (lIar = 0.5nun.) 

gotes/ml, i.e., 200 per average sand fly meal. Sand 

flies were fed on this suspension as previously 
described." Groups consisting o,' 30 gorged fe-
males each were separated and maintained on 
one of the following diets: 10% sucrose, 10% Ire-
halose, 10% albumin ora mixture of2% albumin 
and 19% sucrose offe:ed in cotton-wool pads be-
ginning 48 hr post-infection. 

Forced 


Microcapillaries were prepared according to 
the method described by Hlertig and McConnell.' 
The infected lies were lightly etheri/ed and fixed 
to microscope slides by means of double-stick 
tape. A capillary prehilled with a mixture ofsaline 
and rabbit blood (9:1) was slipr,., over the mouth 
parts folding back tile labiant (Fig. If as in the 
natural bloodfeeding mode." Flies were allowed 

(SVj thoracic midgut (TNIG). cror, (CR). abdominal 
midgut (ANIG),pylorus (PY). ilum (IL) and reclum 
(RLF. 

a phase contrast microscope after emptying tih 
fluidonto a glass slide. The results were analyzed 
using the X2test. [-ies egesting parasites into cap
illaries are hereafter referred toas transmitting 
flies. 

iedtntt
 

An a,,erage infect ott rate of 78.8% was scored 
in 241 flies from 10 experimental groups which 
svere dissected following forced feeding 10-12 
da, s after the inlective natal. Almost all of th, 
infet'ed flies (97%) had parasites in the thoracic 
midgut and the stonhideai valve and in 54% of 
them free pronmastigotes were obser\ed in the 
pharynx (Fig. 2). The general development of 
infecti _ts and thte distribution of morphological 

to leed for 10 rmin after wkhich time they wvcre forms of parasites were similar in the different 
dissected and examined. InIcclions in the difrer- groups. however the percentage of transmitting 
ent parts of tile alinienla ry cal \ wored flies was significatily higher (1' < 0.01) in thewere 
using a phase contrast microscope. Parasites group fed on a mixture of sucrose and albumin 
egested into each capillary were counted under (Table 1). 

T\i I 
Elct of dll uia/ lt'l f 1)l1I'. papatasi II theIrnnt ofl mL itfl''tiontjth 11 tajor t1(-12 dat'sifter 

15 ' llniiln 
ir.,, Sset,t li, I rt~ihun~c I~i', Al n.In i ,: 

Number of infected flies* 
Number cf transmitting lies 
Percent transmitting lies 

55 
II 
211.0 

20 
3 

15.0 

35 
4 

11.4 

66 
23 
34.8 

ticlin ,.hlihn ,Isbralll plrliln,,i' n. ,I.1,,'0 dr lrli uic1 lertitig tkvjr, 
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TAiInA 2 A 
Correlation q .imissioijtith l ti/ongandI, 'u'r cV 

ofparasitev in /heIpliarv'i. 

N OI IoP i. Z
 

Infiected flies 162 14 95 
Number of tramflies ittirg 31 10 41 { 

Percent transmitting flies 19.1 71.4 43.2 

Microscopial observaions inade during fhe rforced feeding showed thia inmrtion of tle mouth 

parts into capillaries initialed rhythnic pumping ,
oflthe cibari- Ipunp in 92.6!i of'the flies. This 
was evidenced 1) the flCxing of the ClYpeUS (Fig. 
I)at the insecrion points of"tlh. cibarial dilator P4 ,1 
mu:.'es and resulted illa tlow of fluid into tile 
proboscis. 1:1iCs %% waS obsCrvedhere no pitIpi \' 

were discarded. Most flies were fulfy gorged \will
itt 5-I10 mitn hut som11e ingestcd only small quIln
tities while in a fi\w, despite vigorous puniping,
 
no fIluid passed into the mlidgut, Nlany 0if 0ie flies' 

that did not gorge regurgitalttd flhidContaining , . .
 
parasites into capillaries (Tablt 2).
 

Abdominal niidgut ii cliollS %\erehlas\ s il 4 
all tie groiups. consisting nslnlv oelongatle, V.Ihin , . 
promiaStigolles (nectonlonads. 15-25 pmn ollg 11, 1i 3. Scanningleectro mtnicrograph ofL.Pita-
I pill thick). The thoracic mlidgul and siotideal pr in the esot:fgus o(il'. /apatll*. stageNote itfl'eclise 

valve swre crainied silth parales of dillint promnaigofes (IS) intertswined fel\scen atllhed par

morphlogical forms including shorl (1-5 pnl). antistigotles f NDi. (Bar -- 5 il.) 
hig[llactiVC untlachd prOllIastigiltes \hieCh 
wcre also found in the csiphagus IWig. 3) and 
were tileonl fornts set influid riI the cap- the Vriups, it seetmts that there is no single iltl
illaries. No attached parasites were f'oundante- tritional factor essential for transtnission of 
rior to tlie csophagus. aind head infections con- . the gtOlp onI.,'iCIhefltlf iertrlless. ft.ed a 
sisted of"fre, highl, active prllntasligities Mullicli nmixture of lsugar andf protein yielded the highest 
may have been Ilushed flirssard during the f'ed- proportion otitransmitting flies. I hence. the pres
ing. Mosloiilhetraisniittiingllies(75.6if )ere,,ted sugarnieals enhanced Iranstence of' protein itt 
betseen 7 and 100parasites (v - 33.4. sonic miss ion. 
119.5'!4) egesled 11f0-1)flff parasites (x - 275.01 Althoigh UtaItIcined prinitastigotes were obt

4 9
and 2 flies ( . 1!o)egested -I*0f parasites each. served in the pharynges of'all the transmitting 

flies. tile\ s.%ere mattn onyrnrnstmitalso seen in 

MY 1'S15"" ling ones (Table 2). Thereore their presence 
should not be corisidered indicative offa Hy's 

No difference in the devclopnrcnt of LIvt/h- potential capability totransmit by bite. A high 
mania parasites was observed antiiitg tie gruoups percentage of Ili. flies where cibarial punping 
fed on di fkrenldiets or bwcttecn tratsiitting and was observed but fluid as not iigested \ere 
nontransmilitting flies. This observation supplrts shosvn to lie tranitsniters (Table 2). A similar 
the sorkoff ertigand Mc(otnnell whooibserved situation was noted by Ifci.ft ct .11.and 
tfhat neither raisins nor sugars lfdto infetied sand Killick-Kcndrick and Molyneux sshi suggest thtat 
flies had any cliect ile Lvik/mautit me cibariint sith cion development of 'ei- in interfere 
maniia., Since there were transini .ing flies inall iarial snsillaewhich control engorgement. " 11 
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This assumption is not supported by our rCsults accumulation ofattached parasites and inleciive 
as only few flies had fre. promastigotes (ill small Stage pronmastigoles in the anterior thoracic inid
numbers) in their cibaria and no parasites %%ere gut and the stotiodeal Salve. A diet consisting
observed attached to the cibarial wail in any of of both protein and sugar, rather than either of 
them. Ihese 'lactors alone. seems to be more suitable 

Recent scanning electron microscope studies for sustaining sulliciCntly he'av'%ileittions sO as 
shoswed that the mass ofparasites in tile anterior t) firm at least a partial block of the stnlodeal 
thoracic midgut, the stomodeal salvC and the 'ale. 
esophagus could be d iv ided in to 2 diSt init It% The presence o' in lecti se stage L. ,[t ajor it the 
(Fig. 3): cuticle-attached haptononads a.nid par- midguts of inflected I'. 1iswo1oi has been teml
amastigotes and unattached highly active short onstrated cxperimentally." Our observations 
promastigotes ssith long flagella.. The Cuticle- suppotl this linding and the proposed melta
attached forms occupied anterior positions in tite nisni exlplains how large numbers ofthese in fec
stomodeal \'alve and the esotphagus but they w\ere live promastigotes can be egested during blood
never egested into capillaries. Th.se allached cleding ofllies whiclh have no pernmanent infieclion 
forms in the pocket hetmeein tile got wall and tie of the cibarium or the proboscis. 
stoiodeal valve may, hossc'er, constrict the lu
men of the %alveby compressing its surrounding 
lobes and thus prevcint or reduce tle passage of MKN''Vl -1 I)(;SiI ISN
 
blood in to the iiidgUt. hurt herniore. tilie t- We thank S. M. LeBlancq fo.r her useful con
tached fornis inside the esophagus provide ms on the manuscrit.iiicans ot'anchorage. for tliet. free' iin|feet ive foriii ll. atsrllnso 
mei olntet ebetwee tleni (eFigI. se T his work wassee.n intert,inet bet\\Ncen thern (Fig. 3). Those supported by the project on 

obscrvatoi, siuptpt)rt the "'blocked 1lysthery of Epideniology and ('ontrl of Vector l)iseases in 
Isracl (REI-NIH-NIAID-AI. 126 6 )). All) granttransmissiotn h bite originally suggested hy Shi.l-i ' and s"wailillil .h.' N o. 1)1E-5542-G -S 4054-00 and tile U1N I) , 

Action o" thle cibariil anid the phariigeil World lank/WlI0 Special Programme for Re
pumps, triggered l\ slipping a capillary otnto the search and Training ii Tropical Diseases.
 

prohoscis. conlincd as long as the mouthi parts
 
%%erelbrcihli. dephosed ill the bioludl;feding niode. RiLIto N( is
 
\ccording to tile proposed niechanisin. in the 

case ola blocked or parliall%hl;ckett stloniodcal 1. Killick-Kendrick. R.. 1979. ltiology of l.i(h
sal e, the rate of how into tihe esophagus is Ister atnoia, ill plelhotonine sandflies. Pages 395

460 t W. It. I. t.unisden and I). A. tBans.than the rate sitlh which blood can lo\ poste- eds..flolh./,'(ft/i. AN t 2.trhpe I'oltunte 
riorlv into tile midgut. ('onsequentl tihe csotph- \cadenic Press., L, Jon and N,.' York. 
agiu, expainds (a phenomtenon knsiwi to occur 2. Icvis. t). J.. and t)onnone. (C. R.. 1966. Sugar
dutring normal Ifctting) Until tile pressure es- meals in 'h'lebotornint: and Sintuliidae. Irc.

R. En. Soc., L)nt d. 0;.', .1. 41 t75-179.erredl liy it,) '.sdis c sceets that of thi phar'%ngea I 3. Y 1tng,C. J., Turner. I). 1P..Killit'k-Kendrick. R.. 
pump. This iesills iIl a liacklo\ oflluid. llshing Rioux, J.A., and Lcane.. A. J.. 1980. Fructose 
wiit it unaltaclied in feet. ivc lornts ofl.i'ihmania in sild-caught Ihototu., ti, and Ie ptos
into tile pharsns. tiliarbi and mouth parts, sible relevance il'sugar taken by sandflies to tire 
therebiy passi\eviletiositio~g iti n ilti-h skin. tndiisinission off Ieishianiasis. Ta R. Soc."p'lp. Ied. lIi:(.. 74: 363-366.'File regurgitation may he ftirther enhancedi f :0. 4. Schlein. Y.. ant Warhurg. A., 1986. Phlvophag. 
suggested by Killick- Keninr'k anl SolnMO uI . the and tie fceding cxcle of I'lhh,otoin palutih 
altered rate oflhaw impairs the coordinaled I'uic- (Dipiera: t'sychodidac) under experinen tal con
tioning of tile pUmps arid tile salves iii tile ibl ditions. J.et/'d. Entmol, 23: I-15. 
canal.'i 5. t'mart. W . tI.. and M etcalf' R. t.., 1956. Prelinimar SlUdieS of sugars aInd atlirio acids ill tile 

A similar distribulioi of morphological florns ione(dets sof live species trf coccids leeding on 
of parasites was noted in oith transmitting atd citrus il ('alilornia. In. Ent..So. -tr.. 49: 
nontransmitting Ilies. It would appear that the 4.11-447. 
di iference letsweei tle stgriups is iii tlie degree 6. Auclair, J. L. 1963. Aphid feeding and nutrition. 

oifn. Rct f rnooLt. 1!,439-491.of restriction of tile passalge through tile s,1o- 7. Schlcin. Y., Warhurg, A.. Schnur. L. F.. and Shlo
deal valve. This could be brought about b% the inai. J., 1983. Vector conipatibility of'hi/bo
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DEVELOPMENT OF SANDFLY FORMS OF LEISHMANIA MAJOR IN
 
SUCROSE SOLUTIONS
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AIITRACUI: Stage (i li'i%1ItitIilttai tleselioptii., in the 5ector incelude dili.rerin morrph,, that are exposed tirst to
 
l.gestd lood indlthen t sugar In'al. liis %lu.'r ought iti) detrriiie %\hethlerStages% eCCIrriig it] thletitter


iiediin couhl Ie 
3
inluced h\ cultiring ilnxigIr-lbad Ielia. Il siteroi solutioinsx I. arijo,cotntin jed todi\ldte


and nltlfilfli'd hr', 8-46'... ararallltliolexiil' liI 6, i%present in tlte st "geoi'lxirhatrwtr iillectiorille Il
1

Ini PleIi' 5'%t'i 75J7'tirtt Ile t'it iiswtirieii 71)o'sit-e 1(111 iIli xiieros nI-,dIuIIrI. tut a Inraiiui itt' 15".. in
 
NNN. Rate and degree i maiirl rid a%a [lUti Ii of
otlraIr lll \ It l i)lit, stage of gr lilt- NNN starter cultuire.
 

iriit\ \kj%lost Ii sricrose media bitt "as nettirted inaIritisie or sijeroi aidkRitgers %oluttirti Ill tile latter

mixture, t aile es.ljhittd ltrarin trnitlr ell ao lirrierit , lilt- substrate and
raite , .l rimiortlruogal changes
ol' the liagelli itr sinrlar Itothoe tL'e.tr , 1 lile %andl%\e 'tor. I',astie Iori sirise rrrelitn and oin 1'.
 

reacted siliiari,. \ those
jlpatau %Ieeas joi NN N icated ditilleiti to i lloltluClitlll illrott,.It i%suggested

tLat tratioriatiOrin It I. rior Ii sIrose iicdiaitexlllteJ 11i%lrroee's itIre \Cett(i
 

rhe de%-elopinIent ol'Li'hin llll oI'illairlltlix C'iii Ir htitraIc" aild tolgtIl. %lhell0 tl itictlldigtl 

it tite pi.lebolonlint \tvctor ,\it, J'tili .d b%light tile\ are cpoxd lt tie ingested stgar nlar. Ilie
 
ricroscop lAdler and -teodor. 1)20. Ia27. corirpition ot'natural uga'r t.als is unknotn.
 
193 1: Shtel eialt., 120: Ihrlig and %Ic( "otntel. I oa" elr. tlre irrtpi'ri ii.,o'such ireals ,,as first
 

I 9
1963: Strang avs-l)ixorn and Laimsont, 60i: detmontraited h.%tlre succe%, itt transmitting I.. 
.rhns t atil I lerlig. 1970) and tire iorphloug dmotor toi to hamters (Sitith ct al.. 1941) and 

ili- huniarix 
crosco'p) (Killic'k-Ketidrick el al.. I97-1. I07: int r.r,,i'tr I'ed tit raisins. Iii tile lahoraiuor 
NIolvnIcux cLIal.. I)75). I)irin g tlre se' unc. ii" lt ir pleted its - tt i 

t' lire parsiles %ktsdescritbed rising electrir 	 ti (Shir, 1945) h.\ the hile itl'Ihlci'oit 

1..,r coii d velopnlrlt lI'. pi 
thle declrpirrent. fatirly iellinite nrt rl1itoiiigi':il /'r; tlo thal had been tro.ti tn l,,dsucrose so
i'trtx tIrlra in, spec'itic Order (Adler and lIrew- iutiort (Killick-Kendrick. 10;W Warburg and 
dor. 1 ]) _d vehiptrttl irroi',e, sserc Sch]iin. 198 6 ). It %a%therclTe ol'iierlei to study 
sunrnrrai/,ed aind tire notmenlatire \w;it dis- tire efict l'sugar sorliutiors orrrtire transtiorna
cussed hk Killick-Kendrick (1979)..i Arliit gOtex tititi oilcultured l, totuhr,. 
taken \ ill tile lood 11real duoevloip into long ;ind 
slenider pronta gittegtes-tlie sir-called rectrlono- MATERIALS AND METHODS 
ads. iIi tile abdotlinl llidgut. Ftolhosilg ririgra- Ihlie tld ,ii %t.arritd out \%it l 't\houiihu ,rir

RI,(-1 137 (MiIIt\I 11.(7 .iRI('II)-tIl. aituirrairttn it the thouracic nmidgut. tile, turn into hitl. ultawteirorri israel. ('ultltlnuu\,ere itrairneill t 28 tC 
broad prottastigot,- ttie haput)lllOn;l ,. [e.-'-, Ihe spttteruont,|ll\,e startedt \lh iparasites roitn NNN 
and til paraniastigutex %

%,ith i kittoilast reside tuliure , 
gris in in StOi-irII i'rlerrrte).r liaxks ckutuiaining 

tile nucletus. a%hich .ccuritt the litregult. are char- 1itIli] mletdiulml pis 25 ill ll)''m, Na('l. Inouturlated with 
acteristicals italt.ec ' tile gilt linitng. IIl il- 2 - it)' parasut,, irim 2-da,-otl ctulnurex. NNN cut

itrex reached lit- tallollara tl ,aebelmeteell di:)s 6 arid1'ectise l'urint arc smttll pro)itaNtigo.te, that re-	 iil •ut it)0lr.,IrlutcAs.ltl )" n Isperirinial redia 
aira trnis it g. \ieret'r ree 	 .- roctulaed %ili parasites at ritebegtinninrg il' l
I:,tnla]e saILilex take 2 t t t'of'l'od: Wold iire gri ttt. oii tire secontd ir the third d];I\: tlre Iriddle 

ltteam taketl al intervals., uslinli\ I foir eacih guii- o( grot , tli. i tie fourth dai\: elld it' groi, I. til tIre 
trophic ccl., :ind regular sugar ls We\c s ind "rstll da: and in tie [it)h (tit\ al thexttituuar\ phase.Inoe'ulitin %aa treplared Frn the o\erla cr. shic.tr itsi)noltrte>. 1966: Young ei it.. I iXI: l'idris et centriftuged it 50t0 . Fo,r ill nit atnd the pellet \as 
ai.. Ii 4 )'i\ ii and Schlu. I986). hlicdoel- re%upennded it 1I11Sand siorlariu- centri'igced 3 inre. 
ipneti (i' rtecltttiotttads, takes place ill tire abl- Ihe t;arasles, \ 

ere rc-snspendctd it aisntlall qUdnrtits il 
dominal ntidgr, %% troirt e\perilental slition made tii) to atbout 5 - 10' li.itiin tile inl'lec'lic nitteal. 

I lstperi ns, msilr 10.254 i (lolarit equal tio ;'1which tile%' ar' re'le'ase'd toi r~ie lir\,'Nrd %% at ) or 0i.127 I stiero,,e is.cre ctr)nd tCled i112 o .Ithe blood is digested. "['he'ir trarnsfoirmation oc-	 rep ictea, oI' I n] iIi l3.5-il plastic Iiie (Slerilin,
Felhain, ,Mtiddlesex, England). Anolther medin was
 
utd ii 2-rl aliquots of' a I:I miIture of tile above
Re'ceived 14 January 1987;e rvic-ti 3 April I 97: suirossolutitnswithl Rin r's soiitin containing 1.65


acepecd 7 April 1987. 
 gNi(*I, 0.25 gK('. 1.13 g( ('atl:,rind 0.025 g NalI('O, 
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FIciitnl I. Representative firnis of the difflerent . major morphs after 24 hr or more in 0.254 Nt sucrose, 

water INoak. 19(,0). Media %%ere 
35 - IO-mm plastic petri dishes (Falcon. (xnard. ('al-
ifornia). 'reettming of the contaimr% hir Io miInt 
with their respect:\e \ perinenill inedia was carried 

out. because s ithout 16i treatmemtnt the pronstigotes 
adhered longitinally To the surface, 

The ihser atioi period (or cultures iii tubes and iii 
petri dishit s I I and 7 da s. respect i\c . )rop san-
pies front the uhies,. Taken at ditfkreni da,,s, wiere dried 
Itt nicroscopc sldes, listlt mfii absolue nietiallUol. 

and stained \kii (iienia' slain. Fhe 1/iiti h itta in 
petri dishes %%cre obser\ed through an inserted micro-
scope. Fluids siere renCtised lit I- i r 2-da. intrsuls 
and parasites aitachcl to the hohuni %%ere stained ti 

tti wt others Nier- ,tled on in ucroscipic slides. 

in 10l nl platced in 

"tile s 
Iu'ishmanta fnits \%ere deternild in ItO cell, on 
each staimed preparation and the proportion of each 
fitr ssascalculated. "lhe It'idenCsW of parasites Toat-
tach \ as also tbser\ ed. (iass slites..r strips -ui Ironu 
plastic petri dishes sere introduced initi culitires Iur 
diflrent periods. ithen examuied Iresh under a phawe 
micriiscope hr stained. Plarasites were delined accuord-
img io Kilick-Kendrick (1979), the criteria being the 
location of'the kiietoplast vs. the nucleus and presence 
or absence iif a Ilagelln. Flagellates% itli the kintlo-
plst anterior to ihe nucleu.s itere cal!td promastigoics. 
those %itih the kinettiplist transverse to the nucleus-
parantastugtt-s. and those silh the kinetoplast potsie-
rir to tie tucleis-(iptthitnustigites. Simiall rioiunded 
flrims 'itthut a ilagellum (nttt mentioned b Killick-
Kendrick, 1979) were ternited allagellatcs to avioid con-

fusion with the sert,:braie. intracellular onus--anIas-
tigotes.
 

Accurate distinctitin betA'en ntecuitnttitnads (lng 

promasigoiteS and hiaptotnionads (short and broad 

prooiastigotcs) %%iasnot possible because there were 
interomediate forms. 

etes 
Reaction with monoclonal antibody 

I.,tihmaitin ,iior from a 3-day-old NNN culture. 
front 3- or 6-day-old 0.254 N sucrose cultures, and 
froni a 7-da\y-old inlt'ction of I'/i'otuttsipahi.%iwere 
treated wit311nmnoclonal antibody. WIC 79.3 (Ibarra 
ct al.. I 982). This monoclonal antibody binds a L('i.uh
1t0t1,MW to fune%urfacecoinplenient whi lh is believed 
tionasa ligand to macropliages (iGreenblaltt et al., 1985; 
Ilandman and (;oding, 1t985). Tr:e sandlies were ar
tilkiully infected by leeding through a membrane on 
I1)' nil parasites in rabbit bhlood (Schlei et al.. 983). 

and maiitli ned on 209,, sucrose soltion and water 
until dissected. 'ite guts were Teased apart in Iii . ells 
of multitest slides (Flow Laboratories. Irvine. Scot
lald)and fixed in I 19%formaldehyde in PBS. Par..sitcs 
fron cultures were fixed in tie same fixative and stored 
it, fixatise solution at 4 ('. They were then concentrated 
h. centrifugation at 500 g for 10 min, and brought 1, 
a conicentration of about 10'/ml. Twenty microliters 
was pipetted intoeach well ofmultitest slides and dried 
at 6(0 ('. rhe slides were exposed for 30 nin to a 1:20 
dilution ofascitic Iluid containing the monoclonal an

tiod, -saslied 5 Times in PITS. slained with l:20-di
hnted fluorescent aoitimouse globulin antibody (Iiio-
Yeda. Rehovot. Israel). and exanined by fluorescent 
nlirtiscopy. 

RESULTS 

The apparent transition of Leishmanla forms 

The transformation of cultured Leishmtania 

from one form to another, as observed in stained 
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Fu(;1ur 2. Percentage of prort;astigotcs (o"/..olaljr on dillerent days in NNN or sucrose cultures inoculated 
with starters ol'diillirent age% in NNN. 

preparations, seems to result front cell division. 
The long promastigotes (Fig. I, nos. 1,2) turned 
into shorter haptomonads (no. 4) and Ihese, by 
successive divisions (nos. 5,10, 11 ), into smaller 
prornastigotes of various shapes and Ilagellar 
lengtls or even into allagellates (nos. 12, 13). 

uall, and together constituted about 15% on the 
II III day (Figs. 2-4), whereas growth in sucrose 
solutions accelerated transformation into para
mastigoles and aflagellales. 

Tht: rate and degree of'transformation in su
crose media was correlatcd with the develop-

Divisions ol organisnts Without an external (la- mental stage of the NNN starter. Thus, promas
gelluti were rarely observed (no. I I) and such 
allagellates as nos. 13 and 24 did riot appear to 
divide. 

Paratiastigotcs and opistltoniastigotes seemed 
to be fbrmed by division of pronastigotes, I ki-
netoplast moving to a posterior position and I 
of tle nuclei in the opposite direction (nos. 14, 
15, 25). 

Paramastigotes continued to divide (no. 18) 
and by repeated divisions may have been di-
minislhed both in size,and in tilelength of thle 
flagellum, to become aflagellates. All these forms 
were also observed in preparations made from 
infected P'hhehottons papatosi. 
The proportions of Lelshmanla forms 
In sucrose solutions 

Promastigotes were the most prevalent form 
ofL. majorin NNN. Other forms appeared grad-

tigotes constituted 65.89i, 4 7.9%. and 33.4% of 
the forms on the I I thday in 0.254 M cultures 
thtat had (een inoculated with 2-, 6-,and 10-day
old starters, respectively. Low osmolarity ofO. 127 
M sucrose medium, inoculated with a 10-day
old starter, further decreased tite percentage of 
promastigotes observed to 16.4% on ithe I Ithday 
(Fig. 2). Most of the observed reduction in pro
ttastigotes was replaced by paimnastigotes. 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 tle 1I th 
day (Fig. 4). Opisthomastigotes were present in 
only small numbers and the maximum rercent
age recorded was 0.2 in NNN and 1.8 in sucrose 
solutions. 
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FI;Rrm' 4. Vercentage of aflagellates of L. mtajoron difrerent days in NNN or sucrose cultures inoculated 
with starters of different ages in NNN. 
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FI(uwm: 5. Nunibits of'.. major on diflerent days in sucrose solutions following inoculation with starters of 

ditlerent ages in NNN. 

Multiplication In sucrose solutions Multiplication after 24i hr was found to exceed 
Leishimania major continued to multipl in that of the starters in cultures with 6- and 10

sucrose solutions and reached a level of 38-46% day-old NNN inoculum. Tie rate of division 
Inure than in the initial inoculunm. In cultures declined gradually within 10 days. from 11.6 to 
started with a 2-day-old inoculum, both the in- 7.1% fora 2-day-old inoculum and more rapidly. 
crease and the decrease in numbers were gradual. from 8.7 to 1.2% for a I 0-da:L-old inoculum. The 
When 10-dav-old inoculun %%as used, a steeper division of paramastigotes was more intensive 
increase in numbers occurred within 48 hr s'ith a 10-day-old ittoculuon than with younger 
whereas reduction to about 50% of the initial ones, and s'as 1.6% in 0.254 NI and 4.5% in 0.127 
inocul U took until tite I I11 day (Fig. 5) NI sucrose after 24 hr (Table I). 

Dividing promastigotes in cultures ofl0.254 NI 
sucrose were counted it stained preparations. Transformation in mixed sucrose and 

Ringer's solutions 
TAHII I. Peri'(elti,,fdvlIth, qol ndpar-'r, , llsIt't In media containing a mixture of 0.254 M or 
a"'a'~tig2't''5 inl Iht .arhr and In 0.254 If %lI(r'U. 0.127 N1 sucrose, with Ringer's solution, about 

80%Nof lthe Lcishtaniaquickly sank to the bu
I)l) inU 2 4 S1 4%I 

I.,- tom of the petri dishes. Preliminary counts 
1 1-4 shovcd that the proportion ofthe various forms 

2d.", I41Ut 12),1, 1' suspended in the fluids or settled at the bottom 
r was similar and counts were based on tile latter. 

:12 Ii 1 71 On the seventh day, in cultures started with a 

S10-day-old inoculum, the proportion of the dif
1 , 41. O'S Is o2 ferent forms was similar whether grown in su

1,1., 15n,.I' p,,tt, 15 X7 I' [2 erose-Ringer's or in sucrose solution alone (Ta-
I1 IIqrl.c11 IF 0, I1r ;l gs 2 bles I1,Ill; Figs. 2-4). 

11 



802 THEJOURNA1. 1987OFPARASITOLOGY, VOL 73 NO 4, AUGUST 

Flcutl 6. Fluorescent pattern ofbinding orWIC 79.3 monoclonai :tntibdy by L. major. A, afler 3 days in
NNN: It,after 3,and C,alier 6da)s in sucrose 0.254 NI solution (bar = 1O;vi). 

Motility and attachments 

Most Leishmania transferred to sucrose so-
lutions ceased to move after a few hours, only a 
few were motile aflter 24 hr. In mixtures of su-
crose and Ringer's solutions, parasites remained 
motile throughout the 7 days of experiments. 

Ieishianiain NNN medium attached neither 
to glass nor to plastic. I lowever, immediately 
after transfer to mixed sucrose-Ringer's mixture, 
most were seen to attach by their flagellum to 
both materials. In petri dishes containing this 
mixture, about 80,%ofthe parasites were always 
attached to the bottotm during the 7 days ofex-
periments. Microscopic examination of stained 
parasites in sitt on platic or glass, after a amin-
imum of 24 hr. showed that some had a short 
or very short, thick Ilagellum. In sonic of the 
organisms it was possible to discern a thickening 
of the flagellum at the point ofattachment (Fig. 
7). 

Reaction of L. major with a surface-directed 
monoclonalantibody 

Parasites fron NNN culture. labeled with WIC 
79.1 monoclonal antibody showed a pattern of 
unilbrm surface fluorescence when viewed by 
fluorescence microscopy (Fig. 6A). After 3 days 
in 0.254 1%sucrose, many cells showed patchy 
and granulated fluorescence (Fig. 611) which be
came more pronounced in those that had been 
in the sucrose solution for 6 days (Fig. 6C). The 
pattern of fluorescence of the Lishmania from 
'.papaiasiwas similar to that or parasites that 

had been in sucrose solution for 6 days. flow
ever, background fluorescence made photogra
phy difficult. 

DISCUSSION 
Iy migrating forward in the sandily gut, Leish. 

maniaparasites move from a proieinaceous into 
a sugar-containing medium (Killick-Kendrick, 

'It 11. I'ercentagef ' rof e/ir'nifioemsof l., major in 4:1 unixture ofO.254 .1/. scros(' and Riners solution 
folloiki: innoculation with 5-dia-o/ AVV .tar'er (parasies(ount'd (it the boltom qth, peridisos onlaining
cltutres).
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,j.
 

_ ',,w 

A 'oo 

FjuioU 7. A, a large L.maior proinatigole, 5-day-old NNN starter culture, Giemsa's staining; I, after
2.t
hr :i a .4:1 mixture of 1.254 M sucrose and Ringer's solution, small distension of the flagellar attachment
 
01i Iked by arros::', l hick liagtellum and attachmnti: 1),72 hr in sucrose and Ringer's solution, small parasites

with a thickened Ilagellar all.tchnlnt (iar - 10ptn
 

1979): and tlheorganism-, ihati retmain in the ab- in %arious qtuantiliCsill liotc)'dcNss (Auclair,
 
domni nal midgut are pro'abi v:.noscd to sugars 1003) and diff'rent plants.
 
after the blood is dig'sted. S gat ;'tc.!s in nature 
 Unlikc Ihwsucrose ndia. molural sugar imeals 
arc apparctlvl ta;ken directly frontplant tissues prohtblN contain various nttriettns that might be 
and front honedtews secretlcd b ionopterans utili/cd for it imetabolic processes of Ll'sIh
(Killick-Kendrick, 1979; Schli n and Warbuirg. ioanih. Sch- nut ncnts arc appalrcntly not essen
1986). Tle compounds in honcydesw arc mostl' tialhecau.c the parasites retained their vitality
those present inilesap of tost plants., Niic It ;ire and muhltiplied it tlhe experimental niedia during 
passed unchanged or slightly modilied and aimong Vie I I dtsioobsersatioi (Figs. 2, 5; Table 1).
Which sucr-ose is Suiallv' Oet of' tte major cob- The resources for these processes must ha\e been 
po ents (lrown, 1975). Furthernore, L. wao'" ittnateand tleircxhltait ion \vassxpre.sscd hy the 
can cornpletc its developmcnt and be Iraisntil- si/e ofl'tie parasites, which was diminished fron 
ted hy I'. pa'sztam tnaintained Ol sucrose solo- anlinitial to tiptobody length of' 12 ,ni 2 jm 
Iion (Killick-Kendrick, 198f6;Warbutrg et'al., (Fig. I ).It is possible howver that the conditions 
1986, Warburg and S hlein. 1986). Hence. s e inthe vector are comlparable bcause a similar 

chose sucrose solutions as experimental media decrease in si/t of L. major sw'asobserved in 
and found th;tl the parasites lost their tnottlilt infected I.patlts (Adler and Theodor, 1926; 
ill sutrose solutions bill regained it swith additiotn Warburg et al., 1986). 
ol"inorganic sails. Such salts are apparentll in - Sandlly morphs of L'iLhu~o a appeared in 
LtILded in natural sugalr ilca Is as the\ are rresent NNN cultures in small numhers. They had been 

irIll. P'r'eno5hi,of d/hl're'nt, 6lotim *11..major inl4:) mixltur' of ).127 .i1icro"anIdRingtr'a sohition 
fo1ithing iniihdtun nuI .5,h-In. hl NNN coutedat th wlont

# 
oorr tparamies Us of peri (iiui conitaining,nhui'%lrl 
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observed in early studiCs ani ws'ere considered ito gotes arte nondisiding organisms (Killick-Kcn
be dead or degenerate (Wenyon 1926). The L. 

#etljor cultures in sucrose were viable and their 
main characteristic was the formation of para-
mastigotes anti allagellates in greater proportion 

than in NNN (Figs. 2-5; Tables 1-111).It is thus 

suggested that growi in) sucrose ,Medtumn inthiut.s 
transiormlation of L'LcsllmamniL in mmanner son-
iIar it)that observed in the sandlix vector. Alla-
gelltes %%erenot mentioned by Killick-Kendrick 

11979). liosever.they %%etcfouid in the anterior 

portion ol'the gul of ss hi-caught /. I41)11%95 in-
f'Cle, ssith 1. ouior (- IIi0,)1i)l1,lls trol,W 

(Adler and Iheodor. 1926) and in preparations 

nade by iftIlront '. papauvi, "File lthiplitcation 
and transition it cat] of'the irms in 0.254 N 
sucrose solltions %eredependent onhtie stage of 
gross th of the NNN starter (Figs. 2 4). Iti e-

perlletis with titulres ofsuicrosealtltnd Ringcr's 
,tolons. tte tranmiornllation was similar (Tables 

II. III). Sacks anti Perkins ( 1985) have like\ise 

soilsS|n That inlectise protnastigotcs of /_.mamlr 
and I..I.-icalla l(mell(:onlensI des elop both in 

culture and in tilevector in correlation willth ie 

sctluclce o' tle Illultiplication t-ycles. 
Attachment by the tlagellun %%.'asexhibited b\ 

all tileIfrms of liojmania after being trals-
(erred to slicrost or to mixlures of sucrose and 

Ringer'. solutions. Ill the latter lmletiImll., Sonli 
of the parasites thtat had hen attaclhetd fr 24 hr 
or nore had cilci thickenetd short Ilagella o0 a 

thickening at th point ol dttailtllth lt (sLIls)I) 

cdl henlitIcsnmisomles). Killick-Kendrick (1979) 
and 	Aiol neux ( 183) assumed that associaoion 

filh tlil'crtnt parts oflthe gil. tttespeciall\ Contact 
sith lh cuticle. and florniation of 'nlidtsml-

slrnts determine the l'atuLrcsmorpholo'cical of 

tile I' /oimallw.It is evident frolnthisstudy thl 

ilt' tranititln frol 1)l,' l )rtlI to atlth, in ci'tl-
lure i nolt associattd i%1h slichfactlors. I htvesver, 
both tie thicktning oftlhc IlagtIltln anti tile 

IlationofaI lachofnent- slion. lich oll-isttcn are 

sidcrcd charact'cristic of faolohmana il tle See-
ttr, took place itltle silcrot,-cnO inilig niedil 

(Fig. 7). 

Anotlher sinlilarity hetss','l I.'jl\hallll11'ro11 

s:lcros¢ culture anidfrom tile sandfl eclor aS 

the patcrn of binding of'\VI( 79.3 mllcollal 
anlibody. Ilinditlg %\'istile sallIC Iorbotlh.bil 

was dill.rt'nt for NNN-grown parasites. 

rhe sequence of traulsforillation (Fig. 1) and 

tile gradual reducion in the proportion or pro-
mastigoltes in sucrose medium (Fig. 2) showed 
tihalt these v.erefinalstages. Infective promnasti-

drick. I179: Sacks and Perkins. I984) and thy 
arc tileon forms transmitted by bile (Killiok-
Kenldrick. 1986). Th us. it appears thai devel
opnte0t frol ni¢¢tlt11tIIs is either into intl'c

five,promastigotes or into sedentary forms that 

netlain tihe sandliy.i 

It hs been suggested several times (recently 

considered by Beach etal..1985: Jeil'rits et al.. 
19'(86: \Varburg and Schlein. 1986) that lite ag
grcgales ol sessile parasites in tht anterior por

tion ol thte gilt enhllnct'ttalsltis.ion b% restrit-
ing tite bihodilow during feeding. This 

interletntce elicit,, probing and caltses iegurgi

tation cf tile tontent" of tiw loregut \s ich aids 
in the deposition of inl'ectise forms. According 

to the observations illtte present study. this 
secens to be the onl\ role (or these forms of 1.. 

oloo'. 

ACKNOWLEDGMENTS
 

We gratelfully acknowledt grant support ft mo 
the leishnaniasis complnenl of the UNI)i/ 

World Bank WIH() Special Prograumc for Re
staich and Training in Tropical l)iseases. tie 
Project on Epider1iology arld (olrll of Vector 
Borne I)iseases in Israel (REP-NIII-NIAII)-AL 

12669). and ,.\I)granlt ('I)R ('5-136. 

LITERAIURE CITED 
Al)IR. S.. \NI, ()."lw'llo. lQ2,. Iurtiher obser

\aitt01% tralllllli..ionlo tle))l%(iI the t lllll Iisil
:lllll'I.l'.L to ill1011 /io'hlIcihiio)spapatsi. An-
IAslof ;lilt] 20):ITropmda ,MedicineC PriMh1, 

175-I194.
 

. 1927 The iramsilsion of 
I t,/instntrOptc)frf1 lriilI'ill cttdsand-

Ill to lI IlTropicalMedicineillndman. AI.llfI' 
Ia'.l)si)lo(-. 21: 89)-1I03. 

1931. 1h\nstligpLios on Medi
ti Kala-a/ar. 1-V.ihi lc Iroceedings of IheRoy

al 1oci.0
(f Loon. It lll: 417-512. 

,-1\riA[IR, J.L, 1t963. Aphid feiding nilIdnutrition. 

\nnualIRe'iew of [F-nionolos 8: .139-490. 
III(1 Rv ( Kut I% SM) 1., ti I1\1SlNLI'416, 1985.R (if haNiIj, to, .%:ihtill i fg . I liIf L.oih-

Mlma leads0' increased parasitetrlnsllmis .ol. 

\mcrican Journal of'tropical Medicine and [I%
gVil1e34:278-282. 

I0llm\%x. K. S. 1975. t lie chernisry of aphids and 
scale insct'l. Clemical Society Reoviss 4: 263
28.
 

R G.. I).i. 
lTe laort1iorI iologyIf the sand fly 1.1,1:,IItI1 

anthoplhoru tl)iptera: I'sciodidaet. Joallll of 
Medical Enlolriogv 21: 6,56-664. 

-NI)RIs. O'11)1. -\NDi.F ttUIliER. 1t984. 

iRiNL.AI-r.
C. L., E. IIANM,\sIN. G. F. Nil(IliiIL,F. 
L. itArYL. I.. F. S(lINUi. ANII i). SNARY. 1985.
 
Phenolypic diversity olfclonedlines of I.eihnan



SCHLEIN ET AL -TRANSFORMATION OFLEISHMANIA IN SUCROSE 805 

iamajorpromastigotes. Zeitschrift f'rParasiten-

kunde 71:141-157. 


HANDMAN, E., AND J. W. GODING. 1985. The Lcish-

mania receptor for macrophages is a lipid con-
taining glycoconjugate. IMIO Journal 4: 329-336. 

HERTIG, M.,AND E. MCCONNELL 1963. Experimen-

tal infection ofPanamanian Phheboiontossandflies 

with Leishnania. Experimental Parasitology 14: 

92-106. 


ItARiA, A. A., J.G. IlowARo, ANt D.SNARY. 1982. 
Monoclonal antibodies to Lcihmattia tr'Iica ltt-
jor:Specificities and antigen location. Parasitology 
85:523-531. 


JEFI-URtItS, D., J.L. Livrst!\Y, ANt) I). NIoIt NttX. 1986. 
Fluid mechanics of bloodmeal uptakt by Letsh. 
mania-infected sandllies. Acta Tropica 43: 43-53. 

JOHNSON, P. T.,AND NI.IItFtIRIG. Behavior of1970. 
Leishmania inPanamanian phlebotomine sand-
flies inlfctedfed on animals. Experimental Par-
asitology27:281-300. 


KttLIcK-KENDRICK, R. 1979. Biology of Leishimania 

inphlebotonine sandlhies. itBiology of the Ki-

tietoplastida,II,W. H. R. Lunsden and D.
Vol. 
A.Evans (eds.).
Academic Press,New York, San 
Francisco, and London, pp. 395-460. 
- 1986. The transmission of leishmaniasis by

the bite Journal of the Royal Army'olthe sandfly. 
Medical Corps 132:134-140. 

-. R.LAINSON. A. J. LE-ANL, It. 1).WARD,AN)
J. J. StHAW. 1977. Promasigotes of L.1).brazil-
wnsis inthegutwallof anatural l'.scho-sector. 
dolpiittllc Transactions of theRoyal So-l'ometi. 

ciety 71:381.
of Tropical Medicine and II)giene 

---.Mot.Nix.Ati R.W. ASttRo. 1974.D.II. 
Lihntaniainphlebotonid sandllies.I:Modifi-

catios of the flagellunassociatedWith attach-

ment to the toid-gut valve ofthe
and oesoiphageal 

sandfl,. ohLot-
Proceedings of theRoyal Society 
don, 11187:409-419. 

Li~wts,J..ANt (.R.DOMtON:V. 1966. Sugar mealsI). 
inPhlebotominae and Simuliidae. Proceedings of 
theRoyal Entomological SocietyofLondon.A 41: 

175-179. 


NIOLYNruX, D.II. 1983. Host-parasite relationships 930.
 
ofTrypanosotmatidae.fit Current topicsinsector WtENYON,C. M. 1926. Protozoology, Vol. 1.llailliere,
research, fed.). Pub-
Vol. 1,K. I). Ilarris l'raeger 
lications,New York.pp. 118-148. 
,R.KIt.lt K-K! NDRttK,ANti I.W. AsiuuRD. 

1975. Lcinania ptlebiotomid sandllics.III. 

The ultrastructure
of'Li~sitania tw.sicana ariua-
:ztesis in the midgut and pharynx of Lt:ont.tia 
Ihngipalpis. Proceedings offtheRoyal Societyof 
London. B 196:341-357. 

NovAK,V.1.A. 1966. Insect Methuen,hormones. 
L.ondtn, 478 p. 

- ,ANt P.V. PEeKtNS. 1984. Identification of 

an infective stageof Leisltaniapromastigotes.
 
Science 223:1417-1419.
 

- ,ANt)- . 1985. l)evel.
,ment of infective
 
stage l.eishitmanapromastigotes within phleboto
mine sandilies. American Journal of Tropical 
Medicine and Ilygieno 34: 456-459. 

SCIItEIN, Y., ANt) A. WARbItRit. 1986. Phytophagy
 
and the fecing cycle of Phl'botomts papatasi
 
(l)iptera: Psychodidae) under experimental con
ditions. Journal of Medical Entomology 23: II
15.
 

, -. L.F. SCIINUR,ANt)J. Stt.tOMAI. 1983. 
Vector compatibility ofl'hhtt,lsmut'iiispaaasi de
pendent ott differentially induced digestion. Acta 
Tropica 40: 65-70. 

SttORTm,H.E. 1945. Recent research on kala-azar in
 
India. Transactions of the Royal Society
ofTrop
ical
Medicine and IHygiene 39: 13-4 1.
 

- . [. J.IBAtiRAut. ANt) A. C. (RAtIHrAo. 1926.
 
The life-historand morphology of lihrpcitootas 
donoaani intie sandfly 'hih'botinus argentipes.
Indian Journal of NiedicalResearch 13: 947-959,
 

SsMttH,t R.0. A., K. C. liALtER, ANt I. AHMED. 1941.
 
Further investigation
on the transmission ofkala
azar, Part VI. A second series of transmission of 
I.. donovai by 1'. argvntipe.s. Indian Journal of 
Medical Research 29: 799-802. 

SrsANGWAYS-I)IXON J..AN R.LAINSON. 1966. The
 
epidemiology of dermal leishmaniasis
inBritish
 
Ionduras. III. The transmission of Leishiania 
Itc.s'icana toman by I'hIchotoitilt Stesoanis. with 
observations on the development of theparasite 
in different of I'hhlotomus. Transactionsspecies 

of theRoyal Societyof Tropical Medicine and
 
I lygiene 
60:192-201.
 

WARijHi;, A.. (. S. IIAMADA, Y. SttM FIN,ANt) D. 
StlIRE.1986. Scanning electronmicroscopy of
 
Leishinaniamajor inPhleotimttniispapataui. Zeit

lUrParasitenkunde 72: 
- , AND Y. ScItIIN. 1986. The effect 

schrift 423-431.
 
ofpost
 

blood-meal nutrition
of I'h/h/oomts papatasion 
thetransmission of Lishmatiia major. American 
Journal ofTropical Nedicine and Hygiene 35:926-

Tindall and Cox, London. 769 p. 
YOUNG,C.J.,D.P.TURNER, R.KIt.t.tCK-KENDRICK, 

J.A. RIoUx, ANtDJ.A. LEANEY. 1980. Fructose 
in 'hh'uotontis ariasi and thepossible relevance 
ofrsugars taken by sandflicsto the transmission of 
leishmaniasis.
Transactions of the Royal Society 
ofTropical Medicine and Hygiene 74:363-366. 

YUVAL,IB., 1986. Leishmaniasis inAND Y. ScHttLLN. 
theJordan Valley. ofPIhh,-Ill. Nocturnal activity 
botomttus Psychodida).Journalpapatasi (Diptera: 

of Medical Entomology 23: 405-409. 



EXPERIMENTAL PARAsri-oLcY 62, 376-380 (1986) 

Leishmania major and L. donovani: Effects on Proteolytic Enzymes of 
Phlebotomuspapatasi (Diptera, Psychodidae) 

YOSEF SCIILIEIN AND | IELINA ROMANO 

De'partmentq"I',- a'si,j l ,y, / Ih'rew Uni,'rsitv.llaj.Ilhdial .5 hiu, P.O. Box 1172. 
Je'rmal"hl, hrac/l 

(Accepted lr ptiblication 6 ay 198() 
iCL'IAN. '..Ni) RoNI..N(O. 11. 19861. e.limlantia maim;lilt] L. hoini: Effet'l, oil 

proteotylie en/yitll e Ith'hlmnll, 1/lqiliuii (I)iplera. I'sclididjdae IF-Ari",',i l Pera
sitlogv 62, 376-380. IPhh,'eioloii pttliqia i i u suceptible to L'jhnii,,oIj,, iuIIneli\ it 
Iran.,nmit, in nature, bul is r istinit to I.. ,nuol'ui. 1,. preset Stludv .ompaes he ellfte of 

m.. L. ji (tii the piotlol" tic ;ttiit\ of 11. palhtoi gutl en/\1les. tieiaijor and Iontaii 
ci:periient, illeasillted digestion of ('gllallcd glohiii ht gut ilmhgenates of flies. I lonlog
ellates \ e l prepa ed froi| lies ted till seriiiiink011tC0tilst ii 'lriii Ilis tedsVr11nciil
twilling proillistigtesiti their dlied culture mel krtoel. In utlier e\pt'Jii ients. fhe plonlasti
goles oi dried cifiIIie mie\l.,i 's ,.eie added in im i' t) [Ile gill hilniien~ite of co ti iil flies. 
I'lrtleulytic Icti il\ o| gl llti iugeiiate troini lies inlecled \\ itl Li.ut rtil i, in one-tihird 
less tlin thai of ctilllu.tls. \%tile tlmt Il'oi Ilic infected itih 1.. , ,iiiilli\\a., olle-Ilild 
gl'e ltel-. Ingeslitin o" 1. I uil ll'ied :itl e loll lirtl hdi ltn ¢ "t.t oil lies sililir it) thinit ' 
the pronlitsligtes, % tile .. h ,,i ali tlicd uiliie ei I. c irodllcedl no sigiiiliicat effect. 
When addedd to gt liihtiioenit'lle iI it,,. pioiaclitotes of both species tprotled pilte
oysis is did driedh ciultiiie oi ciLoi r i .i. Iiiter. DuieL culitre o, eilmler il 1.. Iilioinir i,.
hiii\e\er. hid in otpplile effec . it i, ,it e, l l ile ih el-e\d idticlion ill pritelol.\lic
;acli il% cautsed h%1..L i,ior iticlioln IiI, I'eslt I'h ln inihi lin oft eni/ nie protlic
lion. Iti iil ,1:.plsic':Iit I"t. p i .rp

INIX D)LSU'RIIO(IS pl,AND) AIIIIII .IIA NS: h'Ahotatlill mr11."1r11111,1i1dll~ltti," 
"l'~ ptltltII; t t.; 'llo/o);I P;tINItiC.: P/hlC/"hMttt 11t1tlltltti, IDip[lla Ps\ ClltkditLLae 

Vector. gut: Linz I es. pi-otel., tic: l)ried cilttu ile rt,,llaCr ( '()) Phosphatie 11ff'ered si
line (PlS|. 

INT.OI)UNT This selection by tihe vector wasUTI)N at.i ributLed 
to lactors in the sandfly gut elicited by

Leishtonia species, the canaiiVc agenti ts n]cals of sc ruin (Adler 1938). In addition. 
of leishmanliasis, ate tranmltsctd by phle- Vector competence was [otlnd to be an un
botomine sandtlies. They are ingested with stable trait when 100d nleoals were taken 
WIood Incals by I'malc lies, tniltiply. a rtd hrot an Unsuittable host since the balanced 
migrate Forward ill the gut from where they conditions, which perilit slCCCSsful infec
are transmitted by bite to atnother verte- lion of the vector by its specific l,oish
brate host. Various adaptations are re- matita sp.. were upset (SchIlein Vt al. 1983).
quired for the parasite to complete a full These studics indicate [hat the digestion of 
cycle in the vcctor (Killick-Kendrick 1979). nteils is inipotant in determining the st-
The basic one seeIns to be the ability to live vival of I.Lishmania sp. in the salidly.
in tlie environment of the fly's gut. In the The presentt study compares the effect of' 
laboratory, many sandflies are refractory to strains of two Iuisharia species on the 
infection with strains of Lv'ishtatia spp. proteolytic activity of I'huh'ha,,otao s papt
other than those they transnit in nature tasi gut enzymes. The L. major strain used 
(Killick-Kendrick 1979; Molyneux 1977). is transmitted by this smdlly in nature and 

376, 
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377 Leishania spp.: VECTOR PROTEOL.YTIC LNZYMES 

can produce a high rate of infection in rabbit serum. Conlrol preparation, w.te nuidefrom
 
(Schiein et al. 1983) in contrast to the L. flies led i only.
IeruiI 

doatoraati strain which rarely survives in ,. Fifty iicroliler aliquot ti ' gutpreparations fiontlies fed setim only tecre mixed s,ithIi0 > It1'pro
papatasi (Schlein. unpublished dat:a.' The Inastigotes in25 Il'PtS or 0.4 mg DCO in 25 p!P3S. 
assumption was that differences between The in vitro effect %as also tested using 11.4Itg
the two leishmanias, permitting L. major gltbitt. the roleit il I11 10 prtnttlstietuivtlentt , 
but not L. .oaol'atai to survive in the 	 gotles. r 25 Iltntsed, inciubated cttltttre overltyer. In
 

vetr dditional experitent, substrate digestion by an
vector, would find expression in the pro- equivalent nttttber of prtntittitotes wa, Inaimred
 

teolytic activity of the sandlfly gut en- Milhtttt tite iddititln tf* tiegutenitnte preparatitn.
 
zymes. 
 Tie routineconltrol ltr all itt Litroexpetitlens tswas a 

tnixtte iot'gut envlte preparationatid 25 ILIbuffered 
saline. 

MATERIALS AND METt'ODS (ilbin substratc: 15.5 ttg Ctt
-labeled globin/nl i

' 
line %itit a specific activity tf* 3 . I0 cptt'ttg \%its
The Ithtletotot.n pap.t .iused in these experi- prepared accttrding to Rth el it. (1971), as tmotdified


inents%were irtnt a colony founded (1981wit it sand- by L.ernawtC/tI. 11980)).Thitiastsed in aliittts of 15
 
flies cattght in the Jtrdan Valley, tt ixed 1:!\%ith cold giobin(NBCO,
The 1lycolon. is 1.25mg/ntl 
maintained at 28 -I C. 81'; relative hunidity on a Clevelantl, (l, USAI.
 
diet of' 10', st rttse tlutlion and baby ttice fllrblootd tiftytticrtliters tfeach test re tration ttf ette
 
metl,-.Experintental gronrts if llies ttf wtilt 310it globinsubstrate
cottsisetd . nti\ed and incubted
 
20-50 I-5 d;ty oldfetnales that%%ere inetibrane fed at 28 C Ftr 3$ nun. The reaction was stttpped by the
 
In sterile nteals as described by Schlein ,itil. 119831. addition ttf 105pil Tld'ICA\tithit final concentration
 

Fly grillps %%ere all\.etl 1t teed Oilrabbil scIIin ,of5';.Tie sllpernatl lt ",its
r sep:trated Ittllttu ing cen
(inactivated at 56 C fttr 31)initciltertalne trili'lgation counted
. ntlied ill 30011rptt ftr 15 ruin ill 4 C atind 

with one (tf the test nmatterials. The tidguts of et- 1, I.ntt Scintilltion Liqid (Packard) 4$,,;; in til]
gorged 1lies were dissected out 24 Itliter. honogc- tiene.Ile qlilnti, ttl'
digeted proteinin nticrngrants
 
ni/edl ill0.1 titl Mini ltontogeni/er liencllns of , calclated fron tIle cplt in tie supernatant.

Ieetl. Hlemtpsteadi, 11Ri ita tuttit lttle 0.9'; Statistical .ttalvsis waksb\ the Wilcovxtn rank test
 
NuI. the hntgenle as tllde liptotta n of I 111iItop19801.
 
gl/sandfly gnt it lt sadine,cettrifuged Iilt2 ttinat
 
7520.q Illeckntan Micrtfugc "I'MII. thesupernlt lltESUI.TS
 
%as,stored at - 21)C and used 'or the experinlents in
 
50Itilqpantitics eqltivtlent It' live tlies. Etch Itcpeti- The effect of L.eisltoiantia dontovati or L.
 
tittof theexperiment \tas carried itt using hlltloge- otjor pronlastigoles in the in ivo and the
 
nalesit) experinlentil and ofcttttrol grllps Frot tile i t e 
sltlle balch. i.e.. fed at tile sile little. M viro experiments was significantly dil-

LvihnIltiatmzjtr 1.1-.-137. tthuttan isolatle f'tn ferent from their respective controls. The 
tile s;title area in tbe Jordan Vallex its tie ftttnlers tf principal diflerence between the two 
tite ,antltlly do.oni it was tie in vivo experimentscolo., and L. .lRC-I[52 species in 
hunn isttlate from India) \%ere groit on NNN Ie- (''able 1)where preparations of Phhbo
dittn ltr3 tto 5 days at28 . I'lagelltles %erc thar
vested. washed three tiies in PIS. pIt 7.4. and tIo/is paptllasi infected with L. nelr di
brought it)acotcentration tiC 10, 10",'tl. gested 28.0/; less than the controls, 
I)CO o'6-9 day tld cultures tkt whereas flies infected with L. do)tot'lui ditf the leishntanias 

wis prepared its fIlltws: theIflid \was cenirifttged it[ gested 32.4% more than the controls. In 
Ix)WO t brought tot iarallel experiments using L. major DCO,rpnt, Iiltered thrttgt .45-pint 1ll1er. 
pit5 by atding glat itlacetic acid. boiled for 30) riinD 
centrifuged fttr 0iintt at 1000 rpt dialyet iagaitnst there wits a 25.0% decrease in proteolysis, 
distilled %ktterfor48 hr. frozen,and lyophilized. Tlte similar to the result with promlastigotes, 
estimated product of Il0Ax I0prnnttsttcttes \wts 1.4 while substrate digestion by preparations 
mg [)CO. Conlrtl material the overlayer ofttn- dralotnatni DCO%lits of flies fed L. was 9.6% 
used mediutt that had been incubalcthr 4 days at 28 greater than that of' the controls.l 
C'. The protein content tICtest materials was deter
ntined by Lotwry's tnethod. In the in ilro experiments, where test 
Gulthtntogenates were prepared from flies fed on materials were added to gut enzyme prepa

iteals ofit x I0'/tl pronistigotes ttr 11.4ntgttt DCO rations (Table I1), the activity measured 
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378 SCIIL-IN AND ROMANO 

TAIA.t" I 
)igcstion of C

14 
_1 abIcled Globin by (;t I I I loiognaiic ofI' h'ch'mmi ,sqaia i Fcmlels led oil Sc rI oIII 

Contiining E i lierI.Av/iimmini .pp. l'ronati igot c% oI ITIeir I lcd ( Iu I Ie cr I)C'()n (crli 

tlilliiice 
51c.mll| I 'l.oicill digIc,led h11hlfnoglle lc e"Mi, ccl 

I'lie, lcd dligeislln 1i .... . . .. ... .. . mOllilol arld. . 
ii crurn No. of l {mmilimi tv'elill loIl llie, e\pcrimellil lli\, 

continlinn lepelill ll, hlmlloc.ll , m il - FI .Imlag - S!:)' V 

L.major

prola~igole, 6 22.5 59.29J 4.26 42.72 .3,4111 28.01 

I.. ,.,1('() 5 21.9 ".3 7.11- 41.57 - '7.9l 25.0 
L. dhm' ani 

promaslimgtm 5 22.5 51.74 4.46 72.96 4,8' ,32.4 

L. d.,mo-,ml 'Oi 21.7 4'96, 54.48 - .24NS 9.6 

h ep.,ralliolmsmc litm],leil fiime pills. V, tiI imltlhullioon
 
Sigmnlirfic.mr1lsmimlicul l'l rll lionc ullr'olsI' mill III 1ie lIlcownmi l. lest: NS 
 mil "iglifiainti.
I lh i l .e :onnlol tiJed lor .,Il tc\lltlolme.ll l tl on.hll 

was higher thanlthe Conlrols in prepira- (ithout enzyme had a negligible effect. The
 
tions colltaining pronlastigoles of I.. ma'jor prolein content of II x 1I6 prolastigotes
 
(11.Y;). .. mo/or DCt) ( 11.9' and I.. of either species was 11.55 I.Ig. Protein
 
dolovim prolmaisigotlc (38.0' . LI.o\er weight al1on0tcd to 5().8; ill the L. Ina/or
 
icltiiitv of 10.2'; was observed ill [h I) and io 51.8X; ill .. daouvani I)CO.
 
preparuation, containitig .. dooniani I)C().
 
The rcestIlts of the ill vitro expeiIC Ire
't )ISC(USSI(IN 
ali Sigtl'i,:ally difTCrent 1r0111 ilCir Coll- Under 1na1tiral conditions. only a small 
Irols. nmber of L'i.v / mtia species almastigotes 

In the ill rirot control experiments,. the arc illgcsed with Ilood hy sandlly vectors. 
replacement ot flagellatcs hy 11.55 itg Within tiis hlood meal, the paiasites, en
glohin resiulted ill clpm counts that werc I; closed in tie peritrophic nemn'rane. divide 
iower thall Ilose (it controls. Addition Of Mnd IrlSforln i110 prollilstigotCs. Ilis de
tlnt, sed cltut in edore Ill flIiagellates velopmcint clnlot Ie collsidCted ;I tlue e.S-

TABI.A- 11 
tile, , 


(ligce'ui i 'll -(mlobl' I',Git loillogellalc, ofsillll (cmI'h'mmihml 

Tiheill n m I illmllil spp. uonlaligolec, or lhcir (lictl ('ullurc (;cleu l.acrIDC()) oil Ihc 

" d Pm /l"illmi Fcteales 

ii1/J I111Ii.111dlclencinc t' ci ieli lgmellllmliu 

SeMiol' 1 % lCiCLirlillm Clyei 

[ Pi e nt [¢ic1'd ielll iV'Ii cillmulm I.m-Ci1ge h t.) eyc omeii - SEnl cteiimhlli 

pl~iilmmli~icm 1 7 Il01.- ' . I:7 22Z" ' 4 
2 1Lmama'.Dll0 6 11.- 11)4."Al- ,fi 12.47 2.l1.1' 11i.9) 
3 I.. hm,,am
 

pl'rllallg'ole, 1. .11.4 
 NI 2H - 12.7 , 1.2S - 7.72 m31.0 

mn'mmm I)4 .. i D14 Ii S1,28 12.7 8.25 .ll' 10).2 

tPreparioimn, eqtui, len ol Iii i lmi. , Vm,

Significanmly, mlilletirinIrmunilic Coni )mll ill [t l I miI ll
,l I' " 'iilcemmox 

http:tc\lltlolme.ll
http:hlmlloc.ll
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tablishment of inlection since early stages 
of the lifle notcycle are host specilic (Kil-
lick-Kendrick 1979) and can occur in the 
blood meal of* maniy hematophagous 
arthropods (Weiyon 19261). 

In the midgul of unlfed or sugar Ikcd los-
quitoes or other blood sucking diptera. 
there is little or no proteolylic activity, and 
naxinial protcase lcvel is reached about 
18-32 hr followitg blooi intake I.Akov 
1972: lardy vi, tl. 1983). ]hui. early stagces 

RlHIit IIY I( INiNZYM..S 

proina,,tigotes. ()f 150 '. popiao. i l'd 
emitii i 200 pron ilastigotesmal, containing 

per fly.only 2:Ihecame inl'ected by L. 
don,ot i (Schllit. ULiptiblished data) ill 
colitrlnst to 8V,; by L.ma,o (Schleiici tl. 
1983). 

Adler 11938) noted that int'ections of 
Lei.shmaionia specie,, that are not host spc
cifiedied out in I'. pelpiioi le¢d inlfective 
meals of sci11 and liagellatcs. The only 
sraili that could inlf'-ct tlte 'lies success

hnlia i , l'ullyv sit, the sllilill 
would presitiiably not be ex.\lposed to high Since lab bit SeruinM a geiIcal ited Il 

ol L i.cj slip. ill tie gritof the ,,anitlld one the\ Il';ill ItiC. 
\\i'1, 0 

levels of enzymic activity. Iligh leelS of glo\ the protY ,tigOttcS, it Coulld not b'eitt
proltase :ictiVity cllse damllage to I'Iruon- hCllrel\ lethal. lcovet..ilicc seleclioln 
diun spp. (Lianglcy 1975: Yeals and Slei.er h\ tie \cctor did not occur ,\lienthe ilifec
1981) Lnd to arb'OsiruIisCS ([lardi' c' lt. li\C nelI Con',ilcd of IlagCllate,, SuspCndcd
1983). lhcse evade digcstion bM earlk 
escael I'ltloM -rs/I11tiiIifithe gilt. whcl¢ .'i. 
"pl. proltlastigotes l.lliaiiiand miuultiply. Il 

ndlly species \ hich tike N seCOLI bood 
incal helOrc lting tble to tral,nlit parasites 
(Killich -Kendrick 1979). .'ihaniailpp. 
dtchsloping in the 1l gilt are ',ubliectcl to i 
secolld wv itprlocol ticaIcti\ it\. 

Il this SItdy. the priiiCipal dillfercice Ie-
t\e¢ci the tsso I1'i.lmilli specie, s.is tihe 
efeclt they produced ill the vector. .. 

thrivc,, il re-
duced the acti\vitv ol'gtil 
11aJor, \%hic I'. popotaiC 

enl/vilis Il 28.0t' 
while I.. donlo'ani Cih:inlced eliivine ac-
tivity by 32.4' in this uisuitablc \cttr 
('Tiblel II. Io\.cCr.lhe sallic .. ni pIrO- sCeruliiI ilpl"plilll 
Illmigoltes inl viro, raiscd the lesel of Slb-
strIte digCstion by and ineieis,11.3' itnt 
of 38.)'; was cauiised hI.. dnio'ani. Since 
the direct effcci of both Iciiimaniaiiw as 
tileellhillce1cnmi t of .llilatic dig stioll ill 
vitro, it appears that tImelesser icli\ily of 
gilt protcascs ol L. ima/r infected liesicre-

i-6otmtliltllstllted Iloll the presellc¢ of s "tmaller Op"rll-OlCO.\Si , \siss t k,cused by\tas 

tilies 0m'ciltVmies illIle gilt.s'.utlfly .. 
najor DO'() produced aii elfCet similir to 
that of the prmlmigstiotes. i.e.. it dcCreisCd 
gilt cntynic activitv by 25.1); il vivo and 
incriacsl it in Vitro hy 11.9'; 'ibles I aill] 
II). suggesling that the active stuhtances 
Ijir both functions are prodtuccd by culuired 

illsi:iliie itllLr than il scrunil. Adler slict
lattede that ile sclcCti\C Iict.OlS \r1e clicitcd 
in the gill \ the sertuill. Iurtherilnore. dil.l
tiol of tihe serlllilltlie infective Ilncalled 
to proportional increasc illthe Ilulllertof 
Ilicsinfected h\ Lci.\hslit, p [lot spe
cific to the vector (Adler ci (l. 1938). The 
lUatlitiCS of lOlein illthe mieauls ha,ve been 
correlated \iththe leel of actis itv of gut 

,cil/ ile illlinillllophalgous insects 
(iooding 1)74. 1975: Iltoisulman and 
l)os n 3)3t.IleCnIC. Ie iicICiid Sill
vial o tnlonspecific I.hinillllian sp. ill
fection in Adler's H938 experiments 1'0l
loss.inc iteals ssith 

cr'ased iidictioii 
prsCt stdS . time 
tivitv \\sicaused 

',Imiller proporlionls of 
rCsultCd front the de-
Ol protCeI,,s. Ill [he 

rCtccd iirtcol.ltie Ic
h\ .. nm/Pori ilfectiotis 

and lot M the dilutioll oll nelal protcilns. It 
IIIa\. io%%s\ 1r.hi\e isilllilirt'land bec .'l 
tie reflection of the ilechmnisill which 
permits the siil\ival of' tie parasites. 

I.. 1110/o" in in, anill I.. donolovi hoh ill 
vivo atd illvilro. A possible Inxl.tion 
111atybe Ih[t. illVio. tileIL. niljor reduce 
the aclivily of one protease while pro
illotil and Ihe observedg that of another, 
effect is Imc letresull. Only the latter fuime
lion may take place under the artilicial Con
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ditions and short exposure in ieh in rilrl driguet. cdt., pp. 531-540. Nuith-lfolland/Amer. 
experiments with L. major whereas the 1. 
donolajtti, a not Iransmnitted species 

cannot reduce the gut prolease in) Phv'hle/-
fOtllus i-:Jpafa.s i either in viel or i vil'. 

1 '-N been piItdatllcd that the suscepti-
bility of mosquito species to arbovirus is 
influenced 1y diffCrelncCs illconcllelltration 

of trypsin and chcmotrypSin in the imidgut 
(Hardy e,'al. 1983). Such diflerences ap-
parently list)occur along differcnt species 

of phleboto:li nes ld Cmtlll'ibtltC tlhe
10 
complex picture of their tolerance to L..i.h-
IlnliI species. 

Vector specificit y has been described iI 
Old World sandlies. It isnot. lhowsever, a 

gencral trait of phiehloltominsC,. since nco-
ltropical species can harbor itcCliolls s\h 
various I.l'ititnl ii species (%see rcvic\s, 
Niolyneux 1977: Killick-Kndrick 197,)). 
Perhaps, the enzymc Coil]poit ion of tile 
widly SLuSccptible Nes, World VcCtor, is 

innocuious klhilC Worldin the ()Ild vCtIors 
the indlCtiol Of hIam'nfull Cn/llles is I'C-
dluced by the dcfenscs'sten of the spcific 

I.i'ictltA1 itjei specie,. 

.'.(.KN()\it.EIx11iM1N1 

\Vc\rc )a hll l'irctlpoil ill I( c i .ii ni sis 
Comoilnpienvlt o N \'A' nk WIt) Spciciltc I I)I'ch i 
I'ro tir nne Im Rc crcii and taiing illtipcalI Di.+-
cises. rIll tic . . \sgcllc Illin llmll cnli)% l, t clk 
iplmcl li ant Ild s'42(--SS.i4I4-I)iii. iiill li ili 

-
U.S. Nalional cl it l -Nti]tslllcch. ll, (il ltRi 
N"\Il)'\h-L"126lc¢ih, 
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Short Report -..7 / " Sh r Zstdies 
Marking of Ph'hbotonus papatasi (Diptera: Psyehodi-
dae) by feeding on sprayed, coloured sugar bait: a 
possible means for behavioural and control studies 

Y. SCi: .IAN 
Departmnnt f I 1aralitalaglv, lladassh .Alcdical 

School, P.O. Box 1171, 7,'rusah'm 91010, Jsracl 


Phlebotoniinie sandflies feed ii sugars iii tilefield 
and it has been demonstrated ii tielaboratorv thait 
one of tilesugar sources is hoievdew taken froii the 
surface of plants :SCHtI.l'IN & WARiItR,, l9SOi. It 

was further shiiwn that lhltbuinustiw papatalill ti
l [le
wild is atmicted to different plants iii various degrees 
iSi:tlilN & YU'VAt., 1987). This sandflv-plant in-
teraction suggested tileposibilitv of marking flies b 
feeding then ol dyed sugar baits, offered ll attrac-
tiveplants in) the field, the assuimptilon being fhat 
sprayed 	 baits would compete with naturally available 
sources 	 of food. 
The spray solutionitconlained either Indgotine olr 

Brilliant Blue C.. Fioid ltlie No. I or Ni. 2;Stern, 
Natanva, Israel) plus I:100 ,UcroIse. Ili20", aLiietiiS 
solution. Al initial experiment with Iabiralorv-rearcd 
P. papitaSl showed that iiernight 'ec"ulug In the 

dried solution did nt cause niurtalitv wiihi 1l0days.

Spraying inthe field was done wkith a 7 litre Killasprav

Model 4055, lizeh,ck-ASL,Biringlhatm. England


using 5 tIoI0 litres i-f solutioii fir each experimental

site. The cxperinicnts were carried out iliSeptucnher 

1986 in the enidenic regiitn tf cutaneous leishnmaniass 

in the Jordait Vallev, abiiLit 3i kill Ii
north ifJericho. 
this settii-arid area 1'. ptpa ta ,.urs In great

nutmbers itt tihe birriws oI l' iunoti'v obciu, the 

rodent reservoir li thedisease ,SiifIIN 'ta, 1182 .
 
The sprayed sites set:re about 50i i.ahound ,i
25 t 
active cihiit u1)P. ,imi. Ie iegelatlili cItnsistedl it 
abiut IS bushsC of small ti mniidle-si/e Atrirh,'A 
hahnmus 	 nuaxmmal t1tclet length It 11i,width 3 111lll 
height 3'5 i alnd .AoIIluz Z-,mtiutt-,ta1 ClenilSi
diaceae i. I'xperinents in this areaindicated that snic 
tested plants were attractive to 1'. fapalaitbut thai .A. 
halmnus, under which 1' ibisuo pret-rs ho chg its 
burrows, was twice as .vm-, tlati seeamtricttisc as ut' 
StmL:tIN & YI'.VAL, 1187, . Sugar solutin w\-is 
sprayed itil iuter, tmarginis iif thebushes it) athe lie 
Iteight if5f0-70f cin and dried iistantly. 1'. Ppait 
were caught with C)C miniaure light traps Miodel 
512, John W. IIiLk, (.o, (Gainesville, Fhlrida, USA:,
friitm .'hi t lie hulbs had been remived. The traps 
were plated, 4 per site, with their olpe inngs about 30fCut above ground. Idogfther 3881 flies were caught. 
The blue dve narked, ii average, 25 9 of I inale 
and fettale 1'.papatasli during the irst nightcaught 
following ipraying. It was readily visible iii most and 
could be revealed ii tlhers by pressing them between 
two sheets of filter paper. The average of marked flies 
caught on the thiud night after spraying was 50!1 arid 
on the sixth night, 32"9'. Ihv that tii.ie the labelling 
iif the flies and the blue cllhiur (ili the plants were less 
intensive. 

The usual inetlhod forsttud'ving sandflv dispersal is 
mark-release-recapture, based on tile applcatiOn if 
dyes to captured flies. Recapture b this method was 
maximal when bhlod-gorged P'. arilu females were 

Rec'd in SC!: OCT 1 A ioa 

released 	incellars, but was much lower in oitdoor 
(KII.I.I:K-KLNIDRI K t al., 1984). Baitmarking in this studs reaiched 51)., and seis shuown to
 

lanel flies for ( iights after a single applhcatiion. These
 
results could prolbably he improved by repeated
 
spraying and by spraying a wider area. Only the
 
proportion of flies captured, aid lilt the nunbher

marked hv the bait, can be evaluated; hence, the size

ti' tile poliilatiin canotlit he assessed. I lowever, this 
iethod marks sandflies in their habitatwithout
 

interrupting their nornial bchavitnir 1 capture,
 
reatnent atid release Ilia inew einvirlonnielu. The use
 

uf different dyes wUldd permit behaviomral studies,
 
such as tileassessncii lit dispersal Irin imre than
 
ole hication and evaluation of tileattratveiness of
 
different plants and lit attaciants mixed into the
 
baits.
 

Anlither applicaton :ould be to direct the bait
marking tilid either againsttilevector, h' includ
lug insecticides or pathlhgci, Ii the sprayed solution,
 
lir against tieL.islmaii. ')ecrease 'nthe incidence
 
II l.cilhiioatafcanl front nicrio/rgan.apparetil:. result 

isni clittalti t thel vect gilt ,St.I.INet al.,
 
185 '.l'otential gut colntaninants could alsobe added
 
ill the sctrose siilution and eva!uated bv exanination
 
uf isiolated, iarked I',: can be
flies. experiments 

carried ilt oti a verv sitall scale .id tle inpact in tile
 
evtrl tenit w\ould be small. Verv few control
 
proiects have been aiied at vctors titIcsliniasis
 
and ii1iii these been carried out in human
(it have 

habitations. Tie spraviig of sugary baits on plants

seemis t i he a priottising Itelltid for control studies
 
during the dry seastn li itiotic lici of leish
itanltass.
 

Ihi 'studs reC.eivCd support trm the leislimnaniasis
 
ciipinent ofI 'NI)I' lank\WI11( Special
the \Wirld 
'rogrammte fr Research and Training inTropical


Is)i.eases, lnl the Projectoi Epideniilogy and
 
(ottriil uif Vector Iiornte Diseases in Israel RE'
NIII-NIAII)-Al. 12069 and AII)-CI)R project, C5
0,
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LEISHMANIASIS IN THE JORDAN VALLEY 
IV. Attraction of Phlebotomuspapatasi 

(Diptera: Psychodidae) to plants in the field' 

Yosef Schlein and Boaz Yuva]2 

.flirttr. "f'htirasiissiln il PIsh,'b,,,miu, P Iaqs Is klitmt\'i. Killick-t'ndrick (1979) suggest-d ho,,
12 plaut spctis's tas 'x.iiint'sd inlit' fiti u hg plamt- ('\lt'w as flit'ptrincipatlt stiurt'. while Schifein &
 
buiittd(lap'. i lt t' Is t'stt'itfdv . 8 tilitetd't igIIfII- t' ) ii I(I186) It htoratt'niitonstratt(d ill it'
Jranti'ymnwtIlil-,
than uliltc-itmml, %ill GI,- fll\ that P. /m /nihol blaills ugar. wtltctlitly, 

l . 'J1,"s pin atllsTar. s11 5 m,, 11;,z,,o,um'iissII.I.......1", t l i ars
i dir tl\ i ti issll"S cllis ftr'omlhtll
/ a s .tl d .Ai m.I,sri/lI hg i inig i t.ttatth, i' ,igh
so. 

SigII it.111k+ I It -, IclhaI . II 'inhm111aliass, I (,ll. dc-Ifighel I It"mli look ,' Simt t hc i ll%a in tilt' 

tet, 1Iool th it 75.1i, 52.1. 13'; ., pii ii l il + illlit' (Killickfi.-l. 71. Il( 't'fl nt I.,I~him mii t'itttr 

ilwl1 's,+,, h'"IthIsi n l's ...../ ,s i, (a, , , . K i ritiiik 1979). Sugar I'tdi
.,(/,/ n ,alsi it po [ntill 
?,Ii fis, ,hPi1/,1. %,da: s , A',,,mll h./0 1 , in Ill' Iilhops f a i cidsi s t irst'itihitc 

ic' ili~t'c io Il'lin lc il mlhll t'.,I l t'iii f sltl Itlor ill ft'ltilfd +t' igi ims i l liilcll'ilgIli(cSillill,w~ l.mc .Ilfic, Ilih l 1 htilha%i' ,I I'~d , .. 11m% ho il dhc lihl (Yumal & Schhillin1986). 

oni.Iti l,.thit Iii I l -iiiti,t, ,,,I, sI . (i ,lst olI s lu I' %%a, to)find itl
 
,I i ,%i ltIto\ ,.it.. t 
 /llIn, c lot h.i. l is hu-tR'th''r. W/M hll %;r, Ill It.)I.l'i

1.2'; lit .ig-dIi Ilt rli 

i i s .
 

2.1f,1.7, ii, tiii . tfii t II itl- st si i iiiih c i 
vt " i IIl N I ,I' . u )d7-I lo t ii a IIt %%I Iim msI I.ti tsh I I I i 

i if. ,l.ii),, l"ie tti ii it s 'tdifI,4 , ,/ t |....,ilt .ilt ,, , i . l it m i iii l 'iti i s f t'i s ud it) It g 

iIt lfl sit' i-its//illo'./1, t f, ttl- /i i i ll( 

'ih ,ii II\ ](;f i. . I 1" 1"i/'ii+S oltoi i l it \ I R IA tA MEI itsIS iN tIO 

:idl\d)itL i iitd ik ;t id..) 1lI s . d 
 i i-i fll tt t- s itowtriili stilIt , Ife licts f filli t ' (Ad V ,ldt. itIii st
 

ptill if t t is' I Ih sill siigi s/(It t ti i -ziujs fV
sI hu( i h' tls s it'l i it ir 


n t (i titus ,i hi hi inm i (I.c.\ii It' ft)kill [ ltIlltf t,inin t
t s,i, 197L btfinlut friclh ra 

fBlsiitn iA . 11186). t, Ib)/s11 s\ifs hsi if i' (i'Ilti sitinitf ir t'i l t Ictlisillit llihiiand ill 
plelhm'li t,n i
ofll,,d~u kilg Ililt", si % hidhlo".,, ,+ ii h. ly d,,r ml Ct, 

titd s ii tstfh i, r 1il71;i.it. 'S ith Thu i a ca %sitsilla ploughed alI
 

19177;Killi 19t79: .1981). d h, 900 x 00 s d L I
k-Kcndri FI'idtial. ',f fui 1ut In. anid '%%. id 
i n sc l 

us wahI;,%c id ( .ti ,S vl)It i tio+t'CXl t-fils r
 

itil',s l s IDio c i f t'ifl 


Di f tt'ti s bcc i clit-slii inllis ;- lit i aiI 

in tt i- t ntl I.miis ).Ii nit[isl alri<d out wifr(1 latsilt ta sdti.-

Ius ts i sit. gt ll siticssgld sics %%(-I(pi I ll, I't'ci ltt . ' . l( .I , t- i i al.iii t 0sls iots captures 

iiP s ilf "Tilii- lil" ill itut- ( l H- l thi, fi ldhad Sih ml that I Ita llyalls [Mt ihI't an d liesrIf flih 

(N' lIg It al.1980) alld '. /m/mblj iic ' r t 'rcft' iiIIltfi 
+I (" tt'al&)((toll iiit'al 

, 2 \ it % (N'ti 'a l & S( fiin, 19 s6). "it h-ill. sU' ia.data).ida 

.lth ndliollb
, ofattl l fliilhtft i d flittf tlgilo r 

Sand fliesnvv ttghi witiCDCSm:OCiTiturt'
 
light tralp,(nmdt'l 512..john W. flock Col., 

\ Ik\+*+,S~l+,tlttl l h
I. lhi I Iv .- ,h1m1aliar'i,Gincsvilit., FLI) holm wich Ili(t-bulbs wter'tre
(mu-n emtl i t'I'N 1W '\ rld l:mil,WI 10 Silt- fm ed'c. "lrps %t.rt. t-latetl wtllght bvc-

Iml I'giamcs ;tIl tt I (mid Inta,I'. i ,Iam l t\%t','ii11901)and 0700) h,stularatcd Ibya distance 

'<t o~r-l-~r tit- [)i-awI~s sim Il ofl30 Ill, 3lll~t'lI!(Con l d Vc( fiii cl(R - with lit t;,:0c(in abolve: 

\IA II)-:\I.~12 ' 1hc' inclutlt-d rol69.l gr oulld, A,11t'pet'llit'flls I tctlnt 
Im sitl I If(, Il f;it- I ra aoff 

%cI i,ii Ilaid,sah % tlit If,P.O 114, blialihte%(if I plat filiterplaper. 

2, Dcpt i mi tnlil , t Ih'hrco\, 1 sexvIiiI of hers. vat'( 11 ilI ( wi th1 
al S(h l 1172. ofrwiih wei 

je 'ualh'in9 101tik'ratl. 'I'hllp sitionl il++owrof Iht li l Iraplln relation ito 

Rec'd in SCI: OCT 1 4 JQA 
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TABLE I. Captures of Phlebotomus papbatini platll-baitted vs. unbaited traps. 

Controltraps ((aitd trap, 
[tall No,. No. Attrat-


Isait 1-val<,-IN s Ili-. 
 liont
 
l.;ghlt ration ( l)- cal, ill.

(g) (fill)- luimd i SE turcl .R SE p.* idex... 

Cappariv jpinma var.
 
alravemi 
 139 78.6 195 65 11.7 573 251 57 0.001 3.9 

Cappari pinmoa 146 81.1 125 31.7 7.7 263 65.7 11.5 0.001 2.1 
Sdafaum nigrum 19i 55.8 265 53 '1.5 602 113 9.1 0.001 2.1 
tcim (,nwmiipm 101 .19.3 3(MO 72 7 519 103 10.1 0.001 1.1 

I'rpi i a la 109 .17.5 39 13 1.1 79 26.3 2.0 0.01 2.1 
Alriph'xiali,pro 188 39.7 .10 13.3 1.3 85 28.3 3.8 0.01 2.1 
Chempohum inimonhd, 1.13.7 71.7 5( 13.2 3. 9i 2. 4.5 0.01 1.8 
K,,ha indica 200 101.6 256 .12.6 -1.9 3.16 57.6 (3.8 0.01 1.3
 
T"amirx 1,11 ai 90 .10 -17 15.6 1.3 88 29..3 3.0 0.05 1.8
 
,gaumInlaninl 126.5 (31.9 53 
 1:1.2 1.-1 77 19.2 3.8 NS 1.4
 
SIISedu ,I7ptlaw 250 36 164 5-1.6 15.2 192 6.1 17.I NS 1.1 
Salla ver,icular, 1I17.A 24.4 1311 :2.7 7.A 121 30.2 5.8 NS 0.9 
.Amranthu, rrlm,/ho- lfil 7.1.5 1116 73 9.2 123 61.5 12.2 NS 0.8
 
Wct filterpaper - 90 1-10 28 3.2 
 31.1 62.8 5.5 0.001 2.2 

Quantitl 'Id atelevaIpor;vdI . p lant 'ailiphts or li,fitlt'r (loplr.
 
(: isq ar.elt"
 
x baitctd tlaps Te' 4 Mi<ainl
/i cOnltrols. pl'l,,oitm) 99 illflt- (ontrols ainde.(xierimt'ltal captires was 

it(' test traps %as chanlgt'd each night t( avoid t'ct, l'twe'n ('tottt'ol a.nd! baited traps and bv
spatial bias. Tests with acthof tHicbaitswer 
 (weeti plalt-haittlI traps and evaporation traps
 
reeIt'ettc 3 t5 tinis i 17 Iighfs lit.Wt. Jllt. 
 were.analyiztfdusing test.fhe t'li-s(liare The
 
and August 1985. 
 colliparat iv attra( dion ine(hxwas taltulattefd If-

Braiict.+ of (-;i( Itest plailt were of similar lowiig fraduftry & I eltlnlelt (197-1). 
2 5sit' it wt'igitud etIwee'n 100 alnd (01. ht'hir 

stemsiiw t' ierela'.ieiii a I 100-I lnt'ei t'r fllask P/ant +/a'ti. h'1,,

contailling 1010fil wate'r: the opi~tng of' Owt 
 The follo)wing pkints, common ill fill, iotopc 

flask wis then scaled with Paaifin and lilt' stelns in fit' suillilt.r. wt'lt used in the t'xp'li:ncnts:
wtrt' se(nred with (vtllot apIn'. Fach flask was S'o/aim nigra', (S Olallac'I.); Capalri 'phnwla, 
pliact(Iheside nitilof ih( trilps, so tilat tfl' C. /iowc i var. aoicenlso (Calparaccvta); Ricipmi
iralichI's we' flllr t(fll ltal (overing of Ific a (upllriact'ae): Chniapdi(a (onbraimnnuls 
trap, nl.ar its openinlg. Flags ol folded filter pa- ,id,., KAohj indica, -I.riplx alinno. Snarda ao. 

ew'rt' inset't into othfr flasks tonlainiig gl/bima.. So/wa rerntiod/afa (Chlopodiaceae);

wal t'r: tiles' wt'rl' simill|i pfa'(d beside tlaps Iamtrix ilotica(Tamariitalcet')); Prno.piJctcll
 
Io assess Ih' effctt ifi billiitI ailon1e. Fvaplo- (!dillsa(at'c): il. relral/c'x.\an Amapawuns/il 
ration was calculate'd for each ilalt sampliet' by (Aliltaallfa u'aie). 
adding ihe ovt'rnighlt l)s of weight off the 
brandies to ite tf 'ert;ust'ifll aw (.lilutityill l.a/orato,.ye'x.v/ccomenhf 
the flask. Evaloration by- tli' filt r papers was Fet'fitg of P. pa/,u1fai oil ife test platits was
 
metasuretd by addig renlainiig water ill til- flask 
 stutlitudI it the laboratory. Mixel groups ofinf'ed 
to weight of water soakId i l liltpaper. mals and Iliales were offtrt(t a branch of 

Sand flits wt'rt' follect'dl phat oilverilig l, as described by Scffein & Warill niorning ;iil 
catches wert' cottmpared inly toI their reslective burg ( 1986). FeediJitg was d'teriild i)ty tesilg 
conitrols, since iht(' of saitid flies varit'i with aiitir(n fI'or ilh(.rt'niiber sence of fructose (Vai 
cottsitleraly fron one night to another due to Ilanlel 1972 usitg the )locedlire' tdescribed 
differitg etivirionminental conditions. The difi'er- If)"OUlig I1i. (1980). 

I 
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TAIILF. 2. Overnight fedig ofP ppatari oil plant braniches initilIhlairalory.* 

No.. lits d AxliusiA l hrilr -l."it i% tifile, h 

Ctppariihpinma 37 37 7.1 29 27 5% 75.6 
Sohianum ringru 28 18 416 13 II 24 52.1 
Iicilill. anmrunis i1 35 76 28 26 5-1 71.0 
Pmtorq aircta 2I 2-1 50 22 21 -13 86 
.. triplex halirau .13 4-1 87 0 0 0 0 
Chet'npqdiuim bwiiiihtt 25 25 50 0 0 0 0 
Kmwh/ indi.a 25 21 .16 8 12 20 .13 
hi rmalixnilotica 25 25 50 0 0 0 0 
S(laum Irmiumi 25 25 50 3 2 5 10 
Sriida rgpliawa 3 33 63 1 2 3 4.7 
.hallivernhrunht 12 .13 85 2 0 2 2.3 
.Apparanithutrertileu, 18 24t -12 1 2 6 1-1.2 

Feedirig deterind hy li prtsellC'* of friiciosIiilltli gilt. 

RESU I'S 

Of lh 12 planits hested i the fieid, 9 airaitel 
sigliliitlly lul'. pait./uiit tii did eliI-
bailed coirits (lale I). Capplri, inwiitvar. 
arat'li was till' withnmostltraciie, I 3.9 ;It-
fractiotn ihldex(tieanl riinnfebr caprtured illbait-
ed Iraips * itan litlier aji in niitriilnu tired 
iraps).snir,urn ,igrlia. I,,-n,,,n/ni,lia, and -tri-
p/tx halirit,attracteld 2.1 tines as many flies is 
I lir tespiti ye lnrols. Tle vietI ofInalitrs pr-
vidtd wiih wti tihlr Ilir rsis ,ilso siglificililv 
iighlr r hall tI t 'hyolltitils (1 < 0.001), ail l 
il alrlltioll illdvxtr 2.2. 

A\ itituparisonr futel IittienIluliirlilied and 
the llaiir-lrbairerd li slit'f lfli C. thatapin, 

vit. nSrnii rglun (t .1 1.0011I), andi ( 
,/liri (P < 0.02) attracteid olre flies, wih.-S. 
ritgnphauli, ' i.elrlhle-ri/,i, .1. rri'fleilt,/ I. cmn-

tlllllil.
,antI K. jidla (at fir P -. (.|1) Ivvcl) t-
trailed few-r flits. l.ai'rjItitti liv 1) iliflerelil 

planit salplts 'aririd Ititli 21A ml prir night (S.
veymictlhrl) itt 101.1i (K. inilli na),whrtras t-
wet filler paper vapritted %1) nl (Tbilhe I). 

lit lahiuiltnIr Itsts 5 plailis, I'.fro fi, C. /p-
piuta, I?.Immli,. S. rrgirim, and K. indiua,wire 
tld uiollt iy .43in 8' i t lih- flits...maynr ihuir 
letrin,.\'l,'. otplia/if, atrd S.v'elinllifuluu weIte 
fed upon by 1.1.2, -1.7, and 2.3 ,t, res(li'te ly. 
whili- ilihedithg was icorde.i oil.. hlimur, C. 
taimbrbiaido, r 7 Pul/shtia (Talble 2). 

DISCUSSION 
P!'/l-btbouiinspa/nlpnt,i wsas arttailed Ill8 of tile 

12 plaiit species tested i tihe fieli (Table 1). Of 

lie ilalits tiflrerd itosand flies ill the laboratory, 

5 species that were attractive ini it field (P. 
lrail, C. t/nlito, S.. nigprupp. R. 'olmrnriili.,, and K.
 
iricn) were eil iltpn ln
h% 13 it) 8W, of' the flies 
(Tale 2).Atr/n't: hilwili 7. lihljica, atnd C. 
athbiughnnd'n, rhirilta llr live Iotile flies illtire 
field (Tl e I), iliduledf rlat feeliing ilithe' lab
trtMir ',Mid olllvrlspitcs tested indiltedlesse 
than fee.2, wverv io alallitliv'teding anid ill 
ht- fihld. 

Rstills otl liltlh Irials silioWthatl1. /i/nitai 
is atlaci-d iw- spe(cific plalns [tilli" r itptetilial 
sNiri tof sugar fllills, itwas oatirateudbiu llsit 
ito pilaits [it felldtililil lii- hboailr . Sugal
 

fetileing is Ill'lt-for- ieo tl altil[l Illllh ltasrn 
I oniitiitttoi Iats. lhi" fndtothrssullch as tIhe 

seartIt for shlter ll-rbrere'diigsites liaValsto be 
involved. It is nrrswwrrlhy in this citlext ihat 

attractive butlilt" inedille .I. Iiililuio is (nie of 
liltdoiniiait plait species i tIhe iabitat of '. 

Iannfufi l illtire Jotilt \'afleil) . BUirtoWs i1 tile 
sard ratil i tln/n'llit , i which saild fliestatIl rrlil, 

bleedl t d rest (Sc leiti et al. 1982), 1reituntly 

are locateid btweci its rolls. 

rtndIris tI ll. (1984) detonstraltel that Lut
:win"viia nth/hira (Adlis) takes sin eral sugar 
lilals ill rite- labliralry, cotiiletelyIdigesting 
tite blrei taking an tr. Ytival & Schleit 
(I 986) showed th iat t tni-efor such IIttals is 
;atiitportanrt Lctril littteoicturntal activity of' 

le 

clear whtillproportioi ifnieals are derived Froi 

P. pa lao iil I fie-d. Thus,although it is nt 

Ilait vs. indirct sictres, sulchias homioptertil
exuded itoneydews, it see i1tihatthe seareh for 



sugar meals is an importatnt coi)tlponett of'sand LITERATURE CITE)
 

flybehavior. Bradbury, W.C. & G.F. Bennett. 197.1. Behavior of
 
Plant attract>ion at night involves 2 gencral adult Sinitilitlae (Diptera). 11.Vision and ollac

factors, released water vapor alnd CO 2, illad1- tionill near orienltation and landing. (an.j. Zoml.
 
dition to platit-specific Cmissits. Oiur results 52: 1355-61.
 
demonstrated that dt yield of'naps provided Chaniotis, B.N. 197-1. Stngart''tedinig behavior of
 

with wet filter papt'r uassignificantly higher I.utzn i / da(1)ipltltra: I'rlhodiat) iinider
 
thatn that of (lilt sources lis.J..\i. Et/mli l. It: 73rols('l'Ih I). I hllet(e, tx eti'riilli'ital(i ndithi 

(i 'cvaplltati~tl we-rie vsiteth attractive toillt. .i 
Sandvaporail the ryidtl of,( tiv t' TheIo Endris, R.G., D.G. Young&J.F. Butler. 118.1.

sandll flies ill the! arlit a'':h of IheJotdaol \iltt-. l.lblatllt-v hil oIi t 'andtlY1I.+aPt:mointot-

Wt also foundl that CO,. is at tarat Ic t,,hi,, (l)ipltera: t',,(lhodidavt)..]..ld.tit ) 1. litaionl.
 
lmaai undeItr similar <onditruls (Ytivial & St'hhtil. 2 1: 656~l-1i-1.
 

Uti>Ul.). The toh' li t lies fators would all- Friend, W.G. &J.J.B. Smith. 1977. Fattorsaltiecting
parl't-ll,diminlish in ahun%%l i'm ll ) I,%. inwc+ts..nut~~.Itvt'tinlg Mi¢.Eu.o
hlm)( ,A inlg 


detisc \tegttatiti, an1d tit' (ptostioil is wothllr ,, 22: 30l'9-31.
 

tu 5s)t('iit" plant ('tl i1,,ionsliitii' liam affett the Killiek-Kendrick, R. 1979. liol gi til ,iLthliimi ill
 

sallplcs varic( onsidhirabl. spvltI'it-s hlet~nsh & D.A. F~Ail,,c'(I,. ,I Kill,butlm,+tell a+ld~ llmh l,]h' 
'()ivati.u+tothtir acdemitPit's,.,,'':in t il d rtcl ll~l~ i(+l ,,/ht VodI\'1."2.+.\ London.
 

Tashnot ill (lisit a ,,cow-l(c(), l~l.o l Ollith ltl leBlancq, S. M%!..L. F. Schnur & W. Peters. 1986.
1:vlsso oCO\,,fo-Tbl osd LI+',hal itthe Oldhiltl I: 1.rhI(-gcograpih.

pirtcscoll l .I Im 
ill tilt( slid. i,''r.2 tvxamlplt"4sctl i~alandtllo(saltli,tibtltion I.t. t ol /%111o( , 

tol(It'llollstrlate atliltm rt'])tlltllt ilCitc. I?\+ , q , 112.
tioll .ill{d b%, Rtt+ .\led. t1.g80: 99(.-

tlchts lisig \lte 197-1. Iiolgp ill
 
sigilificaultlyh l wm r-thanl os. lit u lidific'(I tlap, nt'lail i+. 19:
 
plant odors. l'e .l. tifl,'\x, Lewis, D.!. '1 il Illi'lhotioida' 

I.h , hiqllia ,I.mi+ Ir,+ hI:'tiom". 

(P < 0.001 ) tcvtnthough (lit' ]pL:It'alh' v\+ao- 163-8+.
 

oratiot 7-1.5ml, %%as amlig the.hightistr. Cap Lewis, n.J.& C.R.DIonioney. Sugat mals itI1961,. 
/aI i 'IlthI Vat. '1;i I lalispil't'(d I'llbtil lt lin Sillilhid. I ,1 e, Illr111"l'ii, wil Ie'ss iiia' and . 

tlain fttil(,[* Ipe. iatrt sigiwiticallt Scllein, Y. & A. Warburg. 198G1. Il lothagi and 
-,', flies,) (P I,,ilpst~ \%Iil tht"l~ l.00, terach,,t,,P) 


Ipapc't' 
 P'%H'ldidav) onder t'xpllrimt'll;kI f{,radilions,. 


'lic t estults illhis s l r'
1
vi rc st'lt a simplifitu l h',.I ,, 23: II - 15. 

situatiolt, nid tlt' aritiihi.l i't'ictltill iii ltl' Schlein, Y.,A. Warburg, IF. Schnur & A.E. Gun

' attr tlisuil 'n- iltanIllnts ttac ha littl . It is ders. I.18.2. I.i'siu niasis il lht'.Jt 'all'). 
c ivabhl', liwt'vecr, thit pil p lltl ,,. II. llitc, I 'lle i s.li Sali a lI Italtsliiitimn ill otiltral 
as +hcscril)<.ill ilormall\ ilcmi( aiva. /h c,i, R¢ ., ,q .\l,.MIg. 76:ihtcprt" t'itsIll<I}, ill-
 , 


tl ti'cet sanl fi distriibuti ll. nrif ititio ulof 582-8fi.
 
this+assinllptionl %%ill add a t-filtohoIl(.ol tHic Van Hlande'l, E. 19.72. 1rh( dttti~n ill[wttar ill
 

tsitit ,\' 32:itt st titi l .,,s ett 158.
investigationl
of ihl t'iidenlih of1hvishnlan-
, Young, C.J., ).P. Turner, R. Killick-Keidrick,J.A.
iasis. Rioux & J.A. Leaney. 19180). rt(tlse illIhle

b,,mionti ib+] t-t %ml 'tgars,oand lw d~leh su 
' , ,.hnk,,,dv.,n, \\'c MitS ill(- DIch- I. sa;ndflic ll i h ih. tlhank . I takenl Illih' licmo i Ni%ion 

p~armi~wt-1.iBotall.,I fic I u , I)r hli D"a+m. U. S,-+ Tlr,.. I11Y.lhcl, %x'ri~ manmia,k+. \1rd. 74: '363

help).\\%' gritu frollt (iIi.alt, ,t(k,Ltithdgtc s 1 lrl O it' 
,I'ihmuii.(omimit i (tifilt-VI NI) \Virhl iank Yuval, B.& Y. Schlein. 1981i. L.eslimaniass iit lit 

W\110OSp I Il '"g .m mv Ir 'll h md ltinin jordan Valley. 111. Nt(xitiralattivitiy of Phl. 
in "l'rmili(al IDi'vasc•Om' il- n F h,+tl, ifmj ,,t' I1'sxc'hodidlat),i, idc<'mlog (Diptera: ill rela

,
andll 'Iial IP IItiml tol nutlril ila)nt a] l (Iatch'\'eh( mimt) oll Vetlo (im~ l .rc l .% T)CelI.J..\Med, 
N ilI-N IA11-A 1. 126t6(an(IA IDI gram0 CDIR C;5-1 36. lit ml. 23: .11I1- 15. 
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EXPERIMENTAL PARASITOLOGY 62, 376-380 11986) 

Leishmania major and L.donovani: Effects on Proteolytic Enzymes of 
Phlebotomuspapatasi (Diptera, Psychodidae) 

YOSEF SC||I.EIN AN) I IELINA ROMANO 

Deplir-
 nt 1'ril,,J"ni i
t r u P.O.Bo.% 1172. 

(Accepted I"orpibliicaioI ,"ls JI6I 

SCJ1IiLIN. Y. Ni) i oM.sN . II. 19 6. L-jrliiiii r andinll0i1..,lr ,ii cts o1nij Lr J; ,11. 

protlrolytic i t ,i:Irti,miliplel,enzyme, l" irii 1 Ischodidkle Liy'i,1'lil i'iil
.riloig. 62, 376-381. i 'lih-1,'i'iiit rlllqmh i i, ,usccptil,le it I'ii/iillilii , hi iIi tiir chrotranmM its+in1Iitll'e.bt L. dlol lllkan
I', jl l Ito .ThIl:pl",c.lifIll% cto~llai til.e -JIll ol.'cl 


I.. -r iotl. .. llto 	ti iiol lic Cdollriij l ,o utofi'f V. lwhiii gill eIi/,[IIle . 'i lie,experimients Iileiilled dligeli.r oI,( "-alabeld glilri bv,gillhiiilogelnie i Illie'. ll g
el.les ucile plilir 1ed lek inn uei lIrIIilieu ic ltiiiiil )itlir\ ill1lic'led 'ueiIIIII Cill
iiljng plollu igtlesi,z or liel Illied ci Iluii leiu\iim cl.In othler e\piliillll. ilie pliilli-
WiSil o r ..d ctllltir,+0iuCi 11 i\ added ii, il lelcie i ie gIo,+'iiitii/ cliiiol' llie . 
llitiol 
 ti tcir.iol iili I fel lrr iiiline1"cted %%OilL iiij %%ilu,ioii on -lhlird

'
,

Ic+s l itll t ili 	 il lnfll, cti oh M u l i+'e~ltltel'lo inl .er d i th iim,oii i i, lo Ie. iL i u lt li 

lti e l i i'i"l ole . ii Ilu"+. l iiir 'l.id drllill e l el% lha i iill!IheiPOli ,liNtiOlC, 	 e ll.dct di i eii il i nr%%htit .V111101 dll illicitl 	 i Ib e d .,k'lllltllc tol\llicl i'ltdolcedIlit\significailll effet.'l 

Whlln addhd cIi hII ci.iif i l i III.kpIII; iIIg(It ic/ holh lc ci, 	 p]iniullt pllte. 
uok , asididf driedl.illil i ir ci la c i iL.riiljir. I IJe led . IfII lco c l i 1. '101iirsi1i 1 

e hidhlii . l ,e1 iin(ipprI ieCCll.'f,Iti 'iLugiCceutlhil til ihlmeire l clill l ill pliill.%lie 
ici'iily ciiiiel b 1'. iiii io 	iil i i /ll hillitnj llc tion II1I u l'li lliini i iie pr llhc-
Ilon. , l \ -,lm ,i..... i1,,-In+,
 

INI)J .[RIp oI 'I ,P,) A11llliM
S ( l VIl,'llONS: h~'lillaIli,'\lb-i'll 48/1Mc 'hllil 'J"I . i lli:l,i

'rl+X~ I ~ Pol/o.pilllal+ PhlalIltlItihl/t 
 lpala~ilic D/l')lollsplllill itia: 1"\chlodidae: 

Veciii.l, gi e.,plilhll:E'i. ll iie: t)ied culllin terlace (I)C( I iluplihiolp iil'lled a
lineI PIISI. 

IM tR ()UTIN 	 lhis selection by the vector was altribIled 
tlofactors iln tile satindly gilt elicited byLCx's/llelhlmill specieS, tihe calsati ec agells Inea ls of erllm (Adler 1938). Iliaddition. 

of"lcishlllaniasis. are tallnsnited Iy phle- vector compelencec was oloundto be all tin
botomine SaIlldlie . They lleslted with tinlc Ira i when blood nicals were taken

blood illaels by fenialc flies. 
Illipl),, and fron a nlistlilable lost since the balanlced 
Imigrate forwaird in tile giltlhoiilwhCi-C tile\ cotidtolls. W SUccessftl infecwhich perii it
aie lral illited byhit 	 to anolher vet- tioll l"tihe Sector hy itsspecific L /ish
brate host. Various ildiiplatiie llre - Illltllitl Sp.. Were lIpSel (Schliin cla/. 1983).
qtirld for the paaIei 1t Clinlplete a full These Stldies indicate that tile digest ion ofi
cycle in the vector (Killick-Kneld rick 1979). nicals is Jilportant in dctCrnllnng the sil-
The hasic olie sceils to be tile abiliity to live viVIl 01fit I.'n/llltlll/il Sp. ill the Sandilly.
in the envirollneit olithe llys gill. theIi The presellntIdyl collill- s tile el'fct of

laboratory. iiny sandli ies are
lIl r.etractory It) straill 	 two LSc'i.f If t/allia species on lie
inf1cti5n with sIrains of !,i'i.hlaltlfil spp. protcolylic activity of i/11'hiltiOl., plmlm
othcr Ihai lhose lhey tranlnit ill na tI.iltr1i gilt inzylnes. The L. major strain tised(Killick-Kendrick 1979: Molyneulx i977). is transmitted by this stidlly illnature and 

P~ec'd in s~(c1.
001n4+4894/8 .63.,0.) I:• OCT ;l 

A "'<rt............... ...........t in Rt, (:Ci:, 01] ,*f.ll"-
lrlriVhl-r""i't"in' rr lOCT " Rec'd in SCI: 
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can produce a high rate of infection 
(Schlein et al. 1983) in contrast to the L
donot'ani strain which rarely survives in p. 

papltasi (Schlein, unpublished data). The 
assunption was that differences between 
the two Icishmanias, permitting L..tn(jor, 
but not L. donovani to survive in the 
Vector, would find cxpression in the pro-
teolytic activity of the sandfly gut en-
zymes. 

NIAT',RIALS AND METIlODS 

Thfa aehaataa ;apataiaa iu sed in thfiese tr,Cri-
a colan Foutlnded (19811\N1wilSaltl-liLeatauact 

flies caught in the Jordan Valley. The fly choln is jtlmixed H %%tith1.?5 m~g'nl cold globin INBiCO, 

ments %%ere front al.1198)1.This \sas ased in aliquots of 15 

in rabbit serain. Control preparaitions were madte from 
flies red on serait only.

Fifty microliter aliquots tigit preparations from 
1
1lies fed erlin only %ereminkedwith I1a Ix0 pro.

nustigotes itt25 flPIBSor 0.4 itiDCO in 25 p.PBS. 
The in vitroeffect "ias also tested using 11.4 pLg 
globin, tile protein equivalent of 10 :, tb,promasti
gotes. or 25fiIunused, incubated cualtare verlayer. In 
an additional esperilment, substrate digestion by aneiuivalent nunber ol proaitigotes %as measured 
\%ithout the addition of' the git enzyme preparaton. 
The rioutine control forall experinents was a.in vilra 

iniisttte ofgit en/yne preparatitn and 25 it]buflfered 
s;lli
ae. 

ihbin tbsratle: 15.5 rug (ala'-lieled globin/ml sa
line \%:Il il activity aaf 3 - I0' cpan/mg as sape,'ifi

pepared IOcOrdi ag ii Rail Ilt/. 11971),as1tadified 

nmaintained at 28$: I C, '; rel:t\-s hfiditil o l a 
diet of Ill'; sucrose soluitiiii andbabv iiiic fir blotod 
meals. I-speriitental groups of "lies fconsisted 
24)-SI) I-5 thauitalsffeittiales a.s.crciaeatibrisaie fal 
on sterile meallsas dlescribed by Sciaein et /i,11983 . 
1-1%groups were Alltaaed it)feef oi rabbite 

ilaciivit~t ill U liii or titi'fett ii) n3ianteither i:lone 
%sithtine aif the lest naaieriiis. lie naitfgatls of eta-
gairgef flies \,eredisectled atl 24 hr liter. !tiiatge 
nized in 0.1 til Mini Hl oltgeintier a(iencans ta 
Ilenel. Hleaampsteid. rK)iiiaamiiaaal vtoltae tf'.9' 
Nul'. I[lie fltilt ;.:c \is maitde upatia it oltillieaif Ii 
tlsandfly giaiila ahlute, centrifiuged tfor2 min it 
7520;:'(lleckinti ,tacrol'tlige 'NI Ii lihe supernaitni 
was slored at - 21)U anti tised lir the e\periitelts iis 
5l Illquantities equiaalent titfive lie,. I. ch repeli-
lin taf the e\peritlientls %as ;rret ttil l'iatg haiage-
niles of e\p-rimental aindofconrol grotips fraota I 
sltle bitich. i e.,ftd illlie smilatelitie. 

Italahmanaiaitm, I,(-1.RCI137. a huia isolatlor 
the e aatea ii lie Joardan \'ale%its the fainders of 
the sautdll. a Lidoit tati 1LRC-I.52 titcoltaaon% fIt. 
hfiatna isolate frioti i sail NNNItidim isere pranar tie-
tiftni liar 3 tit 5 di ,s at 28C. Flagellates \asre hilr
vested. washed three littles in IfS. pit 7.4. and 
brought toa conicenlration ofI10 - II"il. 
)COofa-9 day oldciltuaires olfthe tso Ieislamias 

was prepared as folloss: the flu id \its centrifttged ii 
IWO11 5-ttn filter, torptii. filtered through aill.4 

rotght 
p l 5 by adding glacial lsoiled iar 311

t
acelic acid. tina. 

rpa. afialt 
distilled ";atcr far 48 fiar, indINOplili/cd. 
centriaged fair 1ll mi tat 1014$) againist 

f'ici. The 
estinmtted product of Il f0"pr:iiil6tsl ig0lis 11.4 
ntgI)CO. Control ntateriail iits tile overljayer ofu-
used tiediaam that had been incubaled far 4 ays at28 
C. The protein content of test intilerials ws determehod.Inowrysmine bymuned by Iltairy s nethlad. 

(ait hianogenates svere prepared fi'.a flies fed tata 
iteals ofIl x0 lIta"/il proniastigales or 11.4nag/ml I)C) 

lea ellnd. (Il, USAI. 
ifl aiicroliters oiiealch test prepaiitian ofenzyne 

as aaieaned ill e itild inctthatedailh 30 glalaitl sialsir tr 
i, 2$ C liar 31)ini. It r eaiction %%Itsstopped by Ie 
alafilitat l 1 ald "C: i i faiatI ctaicenlratian 
atiiti . ofi spertatalt aas sep rtetfIf llaatg ci

lm iigatio a it31)()01 15 mina at4 C' iatd coIntedrpati lia 
n I.itauia Scinlillation Iiquid (Packarfl) 40'11;in tol
aetie. hIleu(ailtof tliges.lead prlitCin in aliicrogrllils ltitk 

\ti;i, cralhalit lle the epln a tant.h""oi il tile salael 
Sl~tlisli'lcal anlisis 

(lislltap 198) . 
Is l the Wilcosi rank test 

RES IiITS 

The effect of L'ishlnnia dool'ni or L. 
IalO/ior promaslt igotes in tlic intvito and the 
il tiiiroexperiments waits significantly dif

fetrent ftom theitr respective conlrols. The 
principal difference beIween the two 
species was illthe in aiva experinents 
(Table 1)where preparations of' Phlbo

loll.s )aIptlsISi infected withL.. /ltIajo di
gested 28.10% less than the controls, 
whereas flies infected with L. donovali di
gesled 32.41; more than tihe controls. In 
parallel experiments using L. nmajor 11CO, 

there was a 25.04 decrease in proteolysis, 
sitia I tothe resuIt with prornast igotes. 
while stbstra.te digestion by preparations 
of flies fed L. donovati DCO was 9.6% 
gretater lhtan Iht of the controls. 

the it, vitto experiments, where test 

m.aterials were added Itogut enzyme prepa
ratiotts ('iable II), the activity measured 

http:stbstra.te
http:mehod.In
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I)jgeSIjion ol()'l 
4.t ,betc (itohiii b Gl (iiiIIiugi ti~ulh/',I"I papi'q,,,i tciiIcae Fed on selii 

Contaning Filtic, l.ijhml,,jia SIpp. t~ )idIbI II ilil Iliect 

,bIdII f~li rpiiNo . iciiiic. IltI., 1.1 

prolbb.bli1bbtt is 2219~.29 4.2h 

b .....ll 211.7Ibbbb D(l0 4') f.SL 

Sih'nilkbriIli ,IiIIclii flomibthe Pi~tbII 1l I) ilt l 'i I bbtbb sI.alIci: 'N1
It .1ali:c n olt iii lol t p ICciliI' tieillbliebb 

was h~ilIher I 1111 thle Conitrls inl p-Ilpillil-
tiolns Conitainingb pIoimlastigolles , LI..aioi 

(1 1.) L. maor I)) 11.9'('). and L 
(hol)3ovali pronlititoes (38.0';). I itmer 

activity of 10.2', \\;I" oiselved ill Ole 

TheC IC. nit 5of tltillJ ivile \11 i nen Is vvre 
all sig'nificantly dillerenlt fiont tlcir. Coil-
tiols. 

Inl the il vilro Cantrvol e.'perinientS. thek 
rlac emejClit Of' Itlaeel1iteCSb\II.~ ',5jg 
globill resulted inl CpIOl Counlts that \,,rCI V; 

%NithOntf Cf/Ilild 

Protein Content 

(iiIItilre II' ia~ei tI II 

tDilielice 

F iltcu i l Ile e ei t 

42 '2 1.410' 2x140 

54 48 124 NS 9,6 

i,.St bgllk"1bln 

a1nleiigible effect. The 
of, 10 x~ 1 pramiastigotes 

at' either species wa~s 11.55 jsg. Protein 
\%ei~ht amnou~nted to 50X8 inl the L. mao/or 
lxi) and to 51 .8'/ inl L. diiinion l)CO. 

) ~iSIII 
UndrIl iiatiirail conlditionIs. onl1% .a S11ll1 

n11iiihel ( f it /iiihmali(I specieCi lla stigates 
are' ing'StedI %\it 11blood by SlIIndI1\ VeCtal's. 
Wilin this blood []el. tIle pariasiles. en1-
ClOsed ill ft2' perithi)C HIIiiemhrTm . diVideC 

Io%\Cer tlt:III those oft Conitrol". .\dditianl O1f antd t(IlIistoIn0I inltO IlplnlistigOtes. Thl. LIe
uIIINCIed cltureI- IedLiul1 01 HilgeH~ites velapnilent Cannot lie conidered it true es-

I e icl i H 'I 3 IbbiI 5( ttbiib1411ciiitc'b I i l cil I/l/ inu bIiiiitcilc 

ilug Ibibtclibbtt 

Meldt cc tilisc 

Apt) ilicibi IlbiabicII1 
IiNo. I 

b'libcl ibbb 
Ilgcsic.I I,% 

cbbbibbl, 
(slidlCml" 

ia~bl~ge .hS t \1 b iii S t 
'.l l;ls 

c~iikill 

I mq-

V maw, W1p0i) is 111 1114.7016.6i 12.47 -2 11' .9 

6lbbbipbc 11 .4 1.281 127 .11.2i ".7211 b l.0 
4 L.dl"Isp, Mi)0 11.4 811.281 12.7 8.251.01' 10.2 

signiiic;I1l ll vi l 1Illittl i cibolibi., -' i0.0i1111 lit W lkbbbl will, itbi.le 

http:2219~.29
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tablishment of infection since early stages 
of the life cycle are not host specific (Kil-
lick-Kendrick 1979) and can occur in the 
blood meal of many henatopphagous 
arthropods (Wenyon 1926). 

In the midgut of unfed or sugar fed mos-
quitoes or other blood sticking diptera, 
there is little or no protcolytic activity, and 
maximal protease h vel is reached ab1out 
18-32 hr following blood intake (Akov 
1972: Hardy et al. 1983). Thus, carly st,ges 
ofLeishmania spp. in the gut of tile sanitlly 
would prestmably not be exposed to high 
levels of enzymic activity. High IcveIs of 
protease activity caLuse lamlilgc to lIlhsioi-
ditum spp. IILangley 1975: Yeats and Steiger 
1981) aind to a1rbo1viruses I-lardy Vti1/. 
1983). These cvade ligestiotn b early 
escape from tie gilt.wh-hereas Lc'i.hmni 
spp. promnastigoles remin and multtiply. In 
sandfly species which take a Second bloold 
meal before being able to transmit parasites 
(Killick-Kendrick 1979). L.c-i.%Imillia pp. 
developing inthe Il]gtlltrc si.ecCLd 1o t 
second wave ot"protcoly tic activ ity. 
Inthis Study the prilcipaI diffelrience be-

tween the two I'i.lunonio species \was the 
effect they produced in the vecoor. 1.. 
mta/or. which tirivcs in 1'.p patasi. re-
duced tileactivily of gt! enz'vies by28.I';' 


while L. donovoi ciihiiccd cnyinic ac-
tivity by 32.4'; in this uinstitablc vector 
'liuble I). lowes\cr. t lie sa ie L. oiaior plO-
mlastigotes in Vito, raised the level of stb-
sirate digestion by 11.3'; and l incrca se 
of38.)(, %%'wts (1iOV1,1i. Sincecitlscil b lv. dL 
tiledirect effect tof' both lcislmanits \wa, 
tle enhaiCCietI P1. in itdigestion ilcniizy atie 
itro. it appeals that the lcscr acti\'ity 0i' 

gut proteases of L. toijor in fcctcI l ics rc-
stilted front ilep-eseniice of smaller tLtuai-
tities if cnzyIiCS illthe santlfly gut. L. 

Hiolr l)CO prod ucCil a.i cftcct si nitr t0 
that of the pronlastigotes, i.e.. it dlec ased 
gut enzyme activity by 250,; it vivo and 
increased it in vitro by 11.9,4 (alibles I and 
Il), suggesting that the active substances 
for both functions are producedlby clturcd 

promastigotes. Of 150 1'. papalmaxi fed 
serum mcals containing 200 pronmastigotes 
per fly, only 2'( became infected by L. 
donovani (Schlcin, unpublished data) in 
contrast to 85 by L. 1,10Jor (Schlein et al. 
1983). 

Adler (1938) noted hiltinfections of' 
l+ishmania species that are not host spe
citic died out iii P. ppatit.si fed infective 
imlsII of serlm11 and flIgcllales. The oly1 
strain that could infect tileflies success
fully wIs thie one t0ey trai smit in natuic. 
Since rabbit sCrul was generally ised to 
grow the promastigotes. it could not lie ill
hcrently lehal. Moreover. since selection 
by tile vector did not Occur when tile in fec
tiye meal onis ist ed (lf1tIagCll.eItes sus ended 
illSalinc r1ather than illserlm. Adler specu-
Ilel that the selective fluctors were elicited 
iltie git by tle Sc rtn1. Ilitlcrinore . diluI
lion of ileSerum i tlie infective meal led 
to proportional increase in the number of 
flies infected by tL.vi.shmuiihi Sp. iiot spe
cific to the vector (Adler Ct (d. 1938). The 
quantitics of pl-tcii inihe lleals have been 
correIated with tie level of activityv of git 
ciiwl,es in lieln atopliagols insects 
I(iotoding 1974. 1975: louiseman and 
l)ownc 1983). Ilencc. the iteCrcascd Su
\isal t'a itonspecific l.xi.%hiintanj Sp. ill
fecetion in Adlcr's (1938) experiments fol
h1\5ing incals with Smaller proportions of 
seruinl appiarcnitl resulted froin the de
creased intdLuctiOl ot proteases. In the 
pie senit stdil v. tlieIct ciCCd protcolytic ac
tivity was ca ltsed by L. nuiahor in fections 

nit not by the dilution of' meal proteins It 
Iay. toeye, have tsiiiilar effect and he 

the reflectioni of the mechanism which 
permits the survival of the parasites. 

Proniotion of prot teolysis s s caiseid by 
I.. Mior illVitro ltn I.. dolloiali both ill 
vivo and illvitro. A possible exphilnation 
may Ie that. ill Vio, the L il.iojolr redLuce 
the act ivity of one protease while pro
nioting that of another. aind tile observed 
effect is the net result. Only the latter func
lion may take place uinder the artificial con

http:ppatit.si
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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 Phhbo-
lonius papalasi either in vito or in vilro. 

It has been postulated that the su scepti-
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-
itania species. 


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 L'jisltmaia species (see reviews, 
Molyneux 1977: Killick-Kendrick 1979). 

Perhaps, the enzyme composition of the 
w\idely susceptible New World vectors is 
innocuous while in the Old World vectors 
the induction of hamful enzymes is re-
duced by the defense system of the specific 
ti.shntalia species. 
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Trypsin and chymotrypsin-like enzymes of the sandfly 
Phlebotomus papatasi .nfected with Leishmania 
and their possible rok 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
 
*Departrnent of Parasitology, The -ebrew University-Iladassah Medical School, 
Jerusalem, Israel 

ABSTRACT. Phhc'hotonnts papatasi (Scopoli) is susceptible to infection 
with Leishnania major Yakimov & Schokov and resistant to L.donovani 
Laveran & Mesnil. The possibility that suscelptibility depends on midgut 
levels of trypsin and chvntotrypsin-like (csterolytic) enzymes was investig
,ted. Infection with L.major reduced the trypsin-like activity to 93.5% and 
8 6 '/ of tie control value at 21 and 30 Itpost feeding and increased it to 
I06(,( h.Infection with L.dono'ani reduced trypsin-like activity toat 52 
64% and 73% of the control value at 310and 52 hpost feeding. The overall 
anouit of trypsin and cliviotrypsin-like enzyens in L.major infections 
was reduced to 501'[ and 34%, of the control value at 20 and 311I post 
feeding and increased to 184",( at 52 h. Only one ofthe enzymes separated 
by gel electrophoresis was lower throughout, i.e. peak 1. Overall, the 
midgut enzynie level with L.donotani infectiot was 86'(,' of tie control 
value at 30 h post fceding in 1115(% at 52 It;their relative amounts 
changed throughout. Soybean trypsin inhibitor enabled L.donovani to 
survive and multiply in P.papatasi. It is suggested that a specific conpon
emt of the trypsin-like activity prevents the survival of L.donovani in 
P.papatasiand that modulation of this factor enables L.major to survive. 

Key words. Plehbotonts papatasi, proteolytic enzymes, vector-comipe
tence, Leishinania major, Leishania dono'ani. 

Introduction the nieal (Gooding. 1974. 1975). In the Old 
World sandfly vectors only retain infections with

Leishmanttia parasites arc ingested by tie satndfly particular Leishtnttia species, other species do 
vector with a blotodncal laken from an infected not survive (Patton & I lindle. 1927; Adler &
host. Inthe midgut tile parasites are exposed it) T-eodor, 1931. 193: I lindle, 1931; Adler el al.,
proteolytic enzymes which are elicited, as in 1938; Adler, 1938, 1947; Ileynenan, 1963).
other hacrntto phagous insects. by the intake of Aspects of leishntania vector specificity were 

discussed in Molyneux (1977) and Killick-
Correspottdence: D~rY. Scttin tpartne of Kendrick (1979, 1985). 

Parasitology. University-Iaditsah Adler (1938) demonstrated that the factorsh'lltctcbrew 
Ndical School. P.(O).I. 1172. Jcrusalem. lrael. which cause the death of Leishntania in 
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I/h'botolUslpapalta.i(Seopoli) were elicited ill %%Ciegiven similar nels withtot inibibitor. 
the gut by ingcstiol of serunt. SChlein .& Following infection the licswrne maintainedll n

Romano (1)86) studied the effectsof tw 
 20'; sucrose anv";ater. Thc dissectd glts were 
Leislianinia species on the actiity of proteolytic examined 3 ILIi,, liter unllcratphase coutrast
 
enzymes it p.1ipatosi. llfeciols with microiscoipe to0' tileitroportiont of
dlcinine 
L. donovanii Iliverai & %Iesnil. xxflich inifeted flits illlocstot each group. 'lie degree of incal
normally sursivt in this sanifly, indllcd ia (igestiioii, mU'ber ;an'it ality of parasiteswere

32.4c; increase, x\hereas I..major Yakimov 3: 
 assessed. Ihe expClilillnt w%'asrepeated tmice.
Schokov, tlte nattlIral parasitc. caused 2,1; ,.-lo I)/ PiColvtiiu oi(ii'itv. General pro
decrease inproteolytic activitv. tool tic activitof thoitlogemiles %kisdeerijited

Ill tilepresent sludy lteellectslt L.maoljr lld iising littIe-pow\der a.nre (illinsoluble protein -
L.Iloilo ion [liectClisit tl Complex) isiiand. .\ . mill bUhsmlC accolding tosil andi chlinotr\lpsm-likc enziles elicited ill oskx'hItr (1985). I lille-powder azite (15 Ing

P.ptpnmti and their ptss,,ilc in pairasite was incibated for I I at
role 37 ( ill;a0Illreaction 
surv'ival
\were iim esigated. i'1mIixture containingi. S borate buiffe. pf 18.5. 

Proiase activity was Iollowed at 001111 .i 
The esterolytic actiritvof trypsil itsMaterials and Methods ilicasuretl 11 the increase illabsorbilce at 

4111 nin ill I.0ml reaction mixture tlsillg
Sadllli'.. The I'hlh'hotorimpaliata'iciloiy BAIpNA ats a sulistrate (I,lllger ilil.. 1961).

originted front sa;itltlics ciught in the Jordlan ( )tetrait of irypsiti actilit is defined as the
Valley. Adults \%erekept at 2S 1C w l anolllllllfen/vine , liehhydrolyses 1. 11niol ofh t , 

relatiec hunidits, and tonll2I; sucrose and IApNA per ininute at 
 361(. Fach sample of 

sciies ofha illi c.i rxperinentai conmisiil I11/,l%%asequivalent to oneIfly homogenate.
tweillt rlftr
eln;lle 5d iL tlie rls, ISih e Ri?aliteqia tiitioillo l I,'vpi, i iitd I /Iiv1o
maintained ol 21; sucilos.c typxix. 11.3-1I [diisoplro l.liosporohluori"

Proii III t"I-21hooi.ll of ('! ( irouNtit tei dale (specific aciivity 3.5 (i/imtnl) (I)F.')
or Imiore sidilli, verc ,ehl;iiaed illtilflerent (Alll hilll)1I ,I.5!(i) \was incubatedl with
 
tillics IcCleillg alndltlI0tigeCIi/eCl
Ater kihilia several dilutior Of salll1Y honlogetiates for 
rIini-glass Ioni' i.cIui/c I ((enicoms t I lcniei I hiat 4 ( inI).Iinl if 51 mIII"ris-I1(10 bufferIletipstead. U.K.) iii (1.I iil l 511iInt Iris-I 11 pI1 7.9. Folohming incubatitt [lie 11.3-4!1ldiiso7
huffet, pl1 
.1.il . ('.I loii ntl'eiiat ic props llhiesplhtrsl-lrrvpsiit aind chlmotr psin
cemntrifuged for 2 unin tt711(1111 (leckmmi tlerixatives wer iass;aycdbv ildsorbing aliquots
NMicrofugl T'li),H lialats k%ctc (tored OftMO 11 eqiix 21iil leti ( ono1-511/tl) 2x2 cm 
at -20 ( niitil U.ed. ..ichm ClCfriiueut ('oric( pi'cCs)l WValman no. 3 filter r waslmitg at 
of expel inlenll and control groupis that %erC 4 ki' Ill' trtchliroacctic acid lor 15mlli.file,
reared ttigct,l lldletlit tile ice in*simile tulle.lt e 5' irichloriiaclcic alcidl for 15iinaniamt 

I.imhlija ~r~'riail.rI..,rmilor I.¢('-1.37. 5 mill %\ashill asiohile ctlaiol. Samples were

iJoirdan \',ilcs isltile. ;m1udI..linloroli I R(  dlied at51 (Citd counttdll it a liqilsititilltitit

1.52, a hium11lall tolt India. "ide glt'0 m t ci nclersolatc (NliMi;ixi & TRI (RAIl 4111111),
2S( toil NNN medium ir 3-5 tls\,.Pro- I'oge'vhmri g5l li'crplioru..s i. 11,3-
Iltlstigotes acre tvcsteu, wahilld Ihreetilmics 'IIjIP)lltr\'pNi aid li.iiiotr.lisit we.e stlt
ill ilttsphate-buitcr-d salinc, i111 7.1 ;,,it jected to1itiditild I ICIinli ( 1970t)gel electro
brought to a comcentratiotn (lIll /till. S illllics Phoresis ll"n;litiegels I min thick. ciI long.
were infected via inienbranc feediig iirlmeals of The stacking gel was 4',(w/v) polyacrylatlide
intactivated rabbit blood 01 serunm (inebated ll aid 11.125 \t 'Iris-I 1I, IlI 6.,, and tImeseparat
56C for 311 ini)t coiutaining pro-I x ll"/mtl ing gelwis ll'; (w/s,) polvacrylamidc and 0.375
mastigotes (Sctleiii .oI.. INS3). ( 'ottrils were \i Tris-I 10'. pll18.8. Saiples applied tot the gel
given itleals iilultprt1lastigiles. containdtl 210-50 figpriitcirt, tile Ionimgeniate of 

Treattment with %o-,bean ir '.vpin thibitoir. two fly-equivalents. G ,ls stainedwere with
Sandflies were fel itells of iniactivatell rabbit (1.If; (w/v)(oittaissitbrilliant blue R-2511 i a
blood with I'; siyheaiu trypsin inhibitoir aind 1:7:6 mixture of acetic acid. methamnl and 
10t/miml L.douii'ni piromastigotes.(otrol Ilies water, respectively, for 31-611 mint.Gels were 

http:I.�('-1.37
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destained for 24 Ihin 71'7acetic acid containing Results 
5% methanol. 

For fluorography the gels were soaked in Maxilnlitn protcolytic activity in hlond fctl flies, 
ii0 nil dimethyl sulfoxite (NIS() for 311min. illeasilled using hidc-piodcr ntillic,wa'itsseen 

fresh DMS() for 31 min and 22'; 2.5- 31) h after the ncal (Fig. I ). w-)2,; of tile total
diphenyloxaizolc (11))1 )0) S( estcrofrije activitv was accounted for 1y t.\ psinin I lor 3 I. Thtv 

were rintsed and soaked ill water for 30 n n like icltivity, its in.asuei tl \ it I)ApNA\. ;[ill 
dried under a vacuum at (i)1C in a gel drier (Bio- 8 10)' b eh.tottypsi n-like acti vit\. 
Rad, RIjCehtttd. Calif.. U.S.A. land CXplocd to Actijvity ill toypsin-likc cni, 'lties deteintened 
X-ray film lw:r 5-7 days it -70 C. Outintitation wilhlBApNA in control lies u as1)2.7.5 and 7.) 
wasl w dcnsitontctr (Quick Sean R&I). IHleltna units per fly at 2)). 311ini 52 I [lo)st feeding. In 
Laboratorics). The' "m ill the (rca undei the f..niaji'-nfccdlies tr.psin-like actidity %,.as 
peaks in tile control, lor eaih expetlnelntal tittile 93.51i Nli and I)w;' ol tteiespective eotliols 
wi delitted is 100 dltltslthilletrit ((((its fd . at 2). 3)) ;nd 52 hf. fIt If.don ant.intctcd flies 

0 
a 10 20 30 40 50 60 70 80 

inSjPSAVT-RBLOO IA I 
,FIG . 1 Alkalll ptlicasi,C l t In I' n dtjs dtic I iical: lesh11 lv(liltliue llln lid fit/l ,1, of' 

h,11110neil"le ,t Ione1%ectl ei'lllit) %%crettiitl I,e il 37 C Ioli ft llh itiic-p ",dim'l ;/iil. %iit\Ac ((a,
fillhi sc ld 11il I a , 11i11i1'fl Fs ,elClcttsw le it (m I, ic)illil( lt(llt,.. ri hC t 

' a 
times filimmig rtlliciali mnie,.tmolmtilh I.,dnm'iii and 1. t lirvtin-likc "it.li ftIlomming 2j) 
"AIffl I. Trpm-hkc acimii)N cl I,, filim and chmomnliirSii-likc cn.nmes of I'.Isipalawat diflcrent 

mmtsmnc1isure,.'d
rmil wcuLtti hI iliqtlt t) m%% lhtliveloll oft Ill II fiminu. aIMc . (I 1 cqi l ift II A . t itillt, of cstcrol.\ic 
cnzymetC,%%ere cem't. iilcd fl lhe 'i d I t-111DIi' i 211PIIii.)homiygenac aliquolits. 

Meal I me pst Iccdi 

211t 3o I 5 I 

I(TI' Aclit. 
(C)))) (Cli)iiI (elpil 

Rabbit bhlod 

DIP Ilcic Actmi \ve) DIP Iccl Actimily 

27,740 h.2 31.3 *5 7.5 211.4t,8 7.0 
Rabbit blood+ L.major 13.912 5.8 lI.0)4 6.45 37.720t 7.4 
Rahbit lood+ I.,dinovani ND NI) 27,MtS 4.8 21.489 5.1 
Rabbit sertm NI) Ni) 20.AI 2.3 NI) NI)
Rabbit serum + I.. ntor NI) Ni) 210.95 I. NI) NI)
]Rablhil sert-m ± L donovant ND NI) 211.5811 4.6 Ni) NI) 

' ND=no doi. 



238 1). Boro' kv anel 1. Sclem 

,TAL '.J' 2. ]tclanjl, qu TnlIjIic,of 11.3-' 11DIP Ir',pin and l: Ilol ,'pstlikc dcri\'ltcL roml P.ppa i fed on ,bloud %,ithor \ithotll l.elo/ mana at dillercl itlie .p,)i( ii 1cioln. All , d it) 
13  
: 2."
 

I'eak Time fIt fecdin I
 

20 h 3t1Ih 52 I
 
(Couliol I . major ( onirol L..
major L.donotl)i ControI(am L mlajor L.doivwani 

A 5,1 2.2 .S .S II I 1I 1IIt II ll, 3.7 1.8 3.8 0I t 1)
40.0t 11.4 411A)1+ 12 ' 31.5 r),*," .33.4
118 0.(, 121) O II 8.1 12.1 19.3I) It,.1 I,8 19.4 3,t, 18.10 291 16.0 24.1 

I), 11.2 3.11 S 11 2 7 11 18.1 24.11 9. 6I 1.8 I)I. 2.1 W9 11.5 7., 12.11 ,.4
EL 11.2 (1.2 I..- II .17 5,4 14 0 1.51: 14.3 7.8 7 5 i)i' 11,.7 II 4.3 II 
:, -1.1 .1lI 2 2 I1 i, II 12 II 0 

( i 4 1 I6 h 0. 1) I11 I II I 1 
ITo t O (1 -1r.l I(1<.i 32.3 83.2 1191.11 181).5, 106.3 

Ie mil111olIh I rc,) tjidcI the peaks II lie CollIrol at iah c'xperimelntll li %%I% -lln ltonllrticl (elined ;I, I M 
(d) 	 t s 

r )el tlili,.oitollrtfrc 


vpsin-like activity %\a t-; and 73", oif the 
Clntrtol alucs al 311 mnd 52 hi. Trypsin-like
 
actimv Ill scrllm let] coltrol flies %as2.3 111115
, ill
 
31 h; ili a/t -inlct.l [..ie,, it k5as, 78 oh the
 
olltlrol Slile; Ill L..bmbolaljn It \\i 20Wy; oh tile 

2t7trol .t'ablc .11,5 i 2 1 £ %Tl e ( 
Ililte quauitta li III Irt lliket ,tnd 	 i 1 

pe lllI t o \)%;IIellIt I.IIIkIIT'-' ol Iadlit IlahulId 2. 	 c1, I 

relt.s els it I llm ,thI hll llI s l ill ....t I riIIm il l .
 
'tl., 1 1P 41; IIrt i l i.1 
 ) I tI liltil m5 id
 
C11%lt Xl11111 1 ,
Ii 111,134'T~11I)I . 11151Fom hl lt I I ,'Ilj \I Ct II\\fls3)1 +.onsiilo llsh+_,l£d(it~c t . I~
 
[t )!t..[ t nillhl, E it1d..3I'hl.- hq ll lhlIm illI!(t I )11 lWoond ;cd: cotnlt I 111, , 1n I 

52 is p~ 1 1 , h,-epii I 1.11I'IllI) t I S , ).t/I1): olIj,/,1,I 11I ltratlilbid ed 
52 ost llC lt, III . +I I c. IttilII I hillrleism t1 iic,, lhl lnT t 
ct'ln rol \Naltlt ;at -I1 It ml ;.V , at W11hpost inilc\-

lmapjol inlet.Itd Ililt, u\t (If ile. IliIIlilleteld 051 

Iri ;
 
1iO11.Thet 111l1)(11112 111on 1 W 1 1iLt.,,' ion, \W'1i1
1111, l+tt 

i' 	 f liltIfl !lolI % thll ( tnl l ielenI.A3 I0 t 1 Ifnllt F21irf gLlI mIi n i d c hin igrI521 11 p t tle clti ih clh_ epjlpf tlin. 	 i ke 
r e~ c r s t cd s ur th a til l ajhl %%ereIi ilink ' iapor - f e ct edt fl i e s" I g . li llho u t.t 211.c h l . i nl l gel%\ fo r \\ ulate lt-er artlihi al HoolteIcd-L'l ohmt a nit: ; t c o n t r o l; ( 1 ) 
b lild in lg %%,; 8 ,4 ; g ret , etr Ih1all ill tile .olilllo k +, inf , le d %%till.'..major, 1:lyNh o rllio g e n aleJ%%ere"i tit

whL I.. & It I 1n11ntillc tl flies h,l i lng % Is hated %%till1l.3.1q 1Dl'l. 211l11 alitiuo1,. (t\', fly
5" i1ighth r col; lro,,.citliv,.ahltil) 

I 

5';higther cohanIltros.'ll1l1 0l ci.,Jh him ogelnatc contining tile II,3"llP en,%ic d tlcaivc, %%ereseparated \'ia poly-The total bi(111lng ill s,clulll-[ltd t'nltilsb %%,as act ' lanilldc 'gel clcclrophlorcqrs. Atiloradiograplh,, o" 
86'O; (If tile' t1n111111tlt~t MOh dIMt~.\t0l1tOS 301 h till, gel, \\crc anaIN'sed hi tlcnisilrnelr\, 
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a Ea C 

AB 

I-' 

CC
 

A t I 

CILI t 

FI0 )''l lh ll i ll -~ lilll 5 10 

,

tIll 'I |ItI' /Ipl", IO1.1 1cf ,irII i [,II ki x jl- DISTANtECEiIllQ,%wilhof \ llll I ,I111,-l~llil e'td 1:1(6 "4.Denlllh Il iltth l ilI t' -il('i1 klllh ilnam ll 

Otticilli d I:1 c'w mh L m .L I 
', 

l P 
" 

l- jlilmiLi I;2' h lllL tI Ci;ild feed.Lht0arli 

dcll"lll;
(1.I 'lloli(0'inl'clcd%%lilt L or.r 

I I i i I ii 

; ltst CCldin . I iI nleIIIIC L lies L!ICli ClilClI 
mlsl,;lC.ollliin ,llljl'ji~jljll dllm lilt prll glotes Clnltilled botlhIII /L.ilap'r ollL L inis 

serUi here07 ; miiid 15; ilil I )Iol-ld C4,iI- I lll iapIl pro iiiiist.i",lt ind tindivested 
Irill value. respectll l , blood. Nililcrs iof paaihsit's per 11'rilglged from11 

I)eliloltlr (ittIh radtllablld Cl/Vilncs NeT5C illdreds ti leven ol theset: ;iboul20(11). 
)IPdfChIIilitLjocs Iof liN iti anidCth~iiihIi 

like i.l ill oI f d slit e d: 
m 

.
, 

I..(Illlr inl lie's 

11 11h p ist iiihCOI0l1l d tilcticliIII ai fil e )Ca ks 
hloiI='47.h, i11%lls)CompaiLJeIh IIt[Ile ConItrol 


units). C eC,.)IfI ld G.at ;i11h1 inl
loLt ii 
h1irtliti i all pciks (I 32.3 iunlmla ;rdIILIILI il lil 

ill52 h1post IlllctCttlnl i peaksl lcicaL Ili ill 
(ttit;il= ll).5 1in1ils), c Dlr ,2: 1II!.ept 1) (lah 
2-4). 

i)ensihlonetrs of the DIP 'idc'al\s oi f 
I.,dili llis sh(CL:t it posoiiio-infeCCted 


infielinfi itdecrease in pe'ks A,U. C1,I),. Ft.( 

iid ;iIi ilicCL'C inIh e rera;liing peaks. 
(olal=83.2 tunilN) 1hpost iLal,:clitllil52 peaks 
C. C 1, 1, '.' rLgr ter ;ilid C'Ci.k1).1) 1:i, 

snoaller. gi\ing an overall value of ll0i.3 units 
(Table 2; Figs. 2-4t. 

Twenty-four of the thirty-eight flies fed I 
soyfbein inhifiitor in blood ills with IWt/mI 

flies ClInlilICdI lN th ldI paIIsiCs. ( )nlv sixof 
lit liot IC nlfli es iied't somei filbloodhee 

iniie laind liir had lie, activc iifetIi' lin. The 
lurnbtr of pairasites did riot xCeed svcral 

lll hlidrCds. The hrsllce if parasites in the 
C'x;)crililleitl conlrlol grloup %%ssigversus te 

liticantly different (I tihe Y' test.1<0.1101 ) usillg 
I..l(i 'ihl mutlJiplied iliNNN cultures conj

tailintg 1; Noybeani Irypsin inhib)tor to 
2.5x It/mnI after 2 days llid dcre:iseI to 
1.7:<1fi b\1 day 4. Control cultures were 
21x IU/in l day 4. 

Discussion 
As in other haernatophagous Diptera the blood 
Inail of P.apaisiinduces proleolylic activity 
(Champlain & Fisk, 1956; Gooding, 1973; 
Iriegel & Lea, 1975; Graf & Briegel, 1985; 



241 1). tori A~t and Y, Shlein 

piitt':Brms'y, '185. Irsi). Ile peik i rt postIt feditig, risille to I1)5'; at 52 I (Tabl¢I). 
at311 Ip,llta~i
-icti~it%h 1o,: Ie¢dijq! in %kii .imilarlfile Compositionll these elllelllt, 

similar to that l ( ilipt Illel'b;Ii , 111 1 , peaks A. (',I),Clllt'i iialltil chivehtl s' lellet'stnled 

(3i 1h)MIow\%,ky, I s'llIl I", (G tlk-lea-,d, \lllil,,( tileienilintler incleasetl
-itith). imilallii¢, 

%%tCe 'r ll iti' Inli tillollo CstCtilhlt' 311ii p t iiltt'ctlll At 52 hipost inteetitll ipeaks 
t'iiiitni'is, \Iat\it\ its iluted ,pin-:ikc C'. (Q . I ilell eisti ulf I). )'. 1i tecreasetl 

)lI-i2' ; ilnI'.pi iiii0 ild SO'; ill C.titlm),l/allm I I ]tile 2: ies. 3 intl-1. 
f(hoodm.,_,. 
 1l1Iulelllit.d
PT,7: Bowl \,k,,.19100l midlt75" litl l. awll Is h'\ IP.1japatii ill 

.hAdcs iieipli (I..) ill ieti & 1.ea. 'r7i ilitilie. Small num els t Iriltes are sufiient 

ia iit tile t1¢sCitC0Ii' I t'IS/llt tlit tutu 1 I[i-111't1'it s 1iths I ietti i ti'li l ll Tile ltlilititosthllcrenl c t ll lle CIIAIIIes a\idIC Cl ) Inotillmokc atll mc\lalllledtuchotll Ilnpl aczse 

it'i/\ li , iil i. *flil l li i me,1lu h' :t tt' i oat e l cil e l 1Vl'il.liks ll\1 lltui i :teiitr. 
C\;lllil1L'(Il' tli li tital\ce n c atmi e iia i\ 1 tile i il m ldifiit'iini iithe tlltuot 
itlinti1% It l~isl is ankd Amt lli siii kC ofi tiilit,'n t hlr ulll et ,Irll tlt. ' es +ls 
liu/llc, nti ltt'lilti i i'Illmtou t li . e' i. iteit Cailitu thei i ;I iked decrease
 

th SIl'C t l'i lii.i\. ilt il211 tl i llt hll t ll etl I. tilu/iti li etet'int
rsll sit'
difterentnm 'stllthose %%J,\ii . \ e itil
o iln d i 31'; l elliC1 i til's titt peak 1). Thus,.
 
li tt'i:ll 1iiilso \ l blooi.i 1.i I tl o If p- t¢lS hll lit' itrllt i l p l ilot
Mi eiI zles tel
 
1,11iin-hk,is l i i\IS , Iketll\ i tltcck lit. lt iiiislitiit it h%, I. ll sugge tsitis tile
tmm- ii 
ile tils it) t ile dt t'll tiili odiulatiool .,g.Ctl) peakhtll uCI ;Ispecii n ent. 
tIlths t 1Ct ilttllt ti lIt ' 1). i eh i , t ial.1s':Ill tileIIas'itC1 Il t'ilitale sul iOr I/ll .11111,111 IlI.'L'Il,1 \%Jill o ~miil not 11l'ill edItt I'.[to ,11 1-i.. / lpll .is ill 

i. uta'till I 2II p II IItt'tti Ielll ere Woldt litdk, 'ilr dlt itlln I') altiinialilfec
iCp1"ted Romano. uuti uIiIS61.iis balits rellItlllsdlsotf pait es (Adler.
-ti. 
IIl\' %'. Me'1h111,1111t'[l ,illlilC.'[t ' Nt-17: Schlein. unpulished oh~sci\ ations). Th'le111 , ll \p]-

,t-likvt.li/% d , , ell III oil t f
 
fellt'id h i, I\hilut it t-\llailllt'rrict m a itlpt tl'(ilitelsilltt \¢itl i's't ,to lithlt f
 

pItte ditl' t1 et tI bSuitd- sfcttill .itlotirm i the protea, 
Ii ' 

I Ili I sitlkt'ati i t ll'IOII ' eI.mi/ r. el r re ue tiotto (t'; tlt'd lit Althoughihe e is t l e 

t)7' fti e lltlItl' ( rI I ii clallll\ti efit it.\ nt t sin
, l Cle) a ttl I. 'ut.,n tile ttr o rylI111CLhonH %%1111/.I.M I/tlt Ill IlCNtilt'\411 it c'[ pllin-like higherIlilt' ilt] ,lllotl ¢ll/\ml i-inltich 


hl..'Ifllt Ieiiittri ill ieIc.' lof iterl\ I t lt alk l illiin as Ii tiloe tioll.tiire t not ed tileIC 011111111o 1(l ,ellinI i.llj¢l'.ie_ l~l cle of[,s\illd,S)'Ir O)l \iliv 20Imldt301Ih lli'f¢ea,. IT 


Ii tv T' ll!. il t'Il t- sCIilk 1 ati.less a o r illi et' tit.as iealsoft1.7 i . itna ilillittr 
Illl51itlll
[IotO\Clhli ftlllt tr it tl-.e 311 I tere. atlitatitig survi l.

,iii-Iikcen/\lIn ,,\%,I t t i ;um .1 thaiiti o-n,:l ' d -l' nu111ipl%,. Ihis, ilnklit.'ics trypsinl-like 
\Atue, '11211.1nti . are ilsitllliln ill fletof tiletonItlol "0l11posl t Iv.(¢dllI ¢11/\11,e ' ;I. alll plleV~llting 

I,'ltIn,.cle'lsedto Ilia le estahliql IS-I',,tl":,1 I). lte ilm it Ill L.drolon lininfections. The
 
lellL\ .Iflloullis of1thesC t.Hr\1k1llC' if ' g',LC ,
i1,w,¢p;r~tlled dit L! t [[);Itita spC\IfICComllponenlt(itthe
 
h\,_'l kh'm~,l¢,swci
t ¢] %%Jil~lfillic: palal- tip iNm-iikcacti~il\ pr¢\¢nts file st~irvk l[ofl
 
[t'hIigfile \,title,. I)ut'pV1,col..m L.drol 't
o\t'l.ill pt]oll- ali inl/.patpulil\i.
 
ertl i\, \ .'l;itlI2.',,:
,h mcd coiitra i)CA S,Itdlld0r there is Cci ce that insusclplihility ofl(Ald
 
%%Ce 121elltel h ]v lIlletlon ;111tl \'CtorS 10 hI
'It 2H11 o, pleak[) World dittl n[1J ihatiliaspecies
 
snmallelmi ,_ ( 2:1 I'_". mall l ie c o¢ el hv irge'sionloflImuch larger
h post Infletilon Il 


3 


l1.iiin
anld l s thllmare ingested illnaIture {Adler, 
Infectionlli Lh mliil 1913S.19-47: &Iom, [lie ple'elit¢ol ,a Adler Th1COlIOr, 1927. 1929).
 

Wqoodl111cal plrodudt~l¢t IIIhtl qilliiinmbers tf l.majior can[ lower thec
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olnly rece~ tll ';i Cotntrol \altue31) Ih thereby f'acilitating sutrviv'al. 
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g lt fl ies infected "\it L. ti lor. IiiL' I'l lit hi i ll . I t 'tlts ol \ 
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