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GonTo, N. F., MeLo, M. N., Rani, E. B., ALMEIDA-SILVA, S., AND MARES-GUIA, M. L. 1996.
Glycosidases irLeishmaniaand their importance foteishmaniain phlebotomine sandflies with
special reference to purification and characterization of a sucEaggerimental Parasitology3,
117-124. Culture forms ofeishmania(Leishmania)amazonensi¢lFLA/BR/67/PH8) produce an
extracellular enzyme that hydrolyzes sucrose molecules into their component monosaccharides. This
is important because phlebotomine sand flies, the invertebrate haséssbinaniajngest plant sap
or aphid and coccid honeydew rich in sucrose between blood mealseistimaniapromastigotes
cannot uptake sucrose. The sucrase was purified and characterized; its molecular weight, estimated
by gel filtration chromatography and SDS—PAGE electrophoresis, was about 73klmd V..
measured with sucrose as substrate were respectively 4.4maM5.9umole glucose.mift (mg
sucrase)’, with maximum pH activity at pH 5.5. A series of natural apehitrophenyl-derived
substrates were assayed, characterizing the enzyme as a highly spesifiactofuranoside fruc-
tohydrolase. When 11 specieslafishmaniaand 7 genera of trypanosomatids were screened, only
the species of the gendsypanosomalid not produce an enzyme with saccharolytic activity. These
data are in agreement with the fact that the latter vectors do not acquire sucrose or raffinose in their
meals. Searching for glycolytic enzymes other than sucrase, we founiN-acetyl{-p-
galactosaminolytic activity. Thibl-acetyl-galactosaminidase, here described for the first time, might
have a role in peritrophic membrane disruption. The importance of sucrasé\-@uetyl3-p-
galactosaminidase in tHeeishmanidife cycle is discussed. © 1996 Academic Press, Inc.

INDEX DESCRIPTORS ANDABBREVIATIONS: Leishmania amazonensistypanosomatids; glycosi-
dases; sucrase purificatioi-acetyl-p-galactosaminidasd;eishmanialife cycle; phlebotomine
sand flies; BSA, bovine serum albumin; FCS, fetal calf serum; PNRitrophenyl; FPLC, fast
protein liquid chromatography; SDS—-PAGE, sodium lauryl sulfate polyacrilamide gel electrophore-
ses; OVA, ovalbumin; Carb. A., carbonic anhydrase; E.B., elution buffer.

INTRODUCTION The development oteishmaniapromasti-

Leishmaniaparasites are transmitted bygotes in the insect gut and their later transmis-

blood-sucking phlebotomine sand flies. Sanﬁ'on require adequate nutritional support (Mo-

. ) . . tal.1991; Schlein 1993). Initially it can
flies become infected witheishmaniaby feed- yneuxe ) .
ing on infected vertebrate hosts. Once in the glE)te provided by the blood ingested during the

of the sand fly, Leishmaniamultiply and de- infective bite and later by regular sugar meals.

: . In fact, wild-caught phlebotomine sandflies
velop through various morphological stages be- . X

: : : . commonly have sugars in their gut (Molyneux
fore reaching the infective metacyclic form (re-

viewed by Sacks 1989 and KiIIick-Kendricket al.1991), and under experimental conditions,
1990) y the percentage of potential transmitting females
’ is significantly higher when they are maintained

on a postbloodmeal diet of sucrose and albumir

* To whom correspondence should be addressed at Dg -
partamento de Bioguimica e Imunologia, Instituto de CiénMarburg and Schlein 1986)'

cias Biologicas, UFMG CP 486, 31270-901 Belo Horizonte UNil recently there was little information
MG Brazil. Fax: 55-31-441 59 63. about these sugar sources in nature. When th
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sand fly phytophagy hypothesis was tested oifCO, Evolution

19 different pIantsPhIebotomgs papatasfed The experiment was carried out according to Mukkatia
on sap from 8 of them. Feeding on aphid ang. (1985). one miliiliter of the maintenance culture me-
coccid honeydew, rich in sugars, was also retium was seeded wit 1 x 10 promastigote cells.

corded (Schlein and Warburg 1986; SchleijfU-*“ClSucrose was added to a final concentration of 11
1986) mM with a specific radioactivity of 0.045Ci umole™. The

. . eyolved'“CO, was trapped in a strip of filter paper soaked
Considering the above data and the fact thaﬁth saturated Ba(OH)solution and detected by scintillog-

Leishmaniapromastigotes utilize sucrose in gaphy.

defined medium (M. N. Melo, Ph.D. Thesis,

1982), we assumed the existence of an enzynZeDeoxib-Glucose and Sucrose

produced by eishmaniahat is capable of split-  Uptake Measurements

ting sucrose molecules into their component These procedures were based on the quick filtration

monosaccharides. Recently Blum and Oppefrethod (Zilberstein and Dwyer 1984). Mid-log phase pro-
does (1994) showed the presence of sacchargastigotes from maintenance culture were washed thre
lytic activity in Leishmania donovargultures. times in 0.1M potassium phosphate buffer, pH 7.0, plus 5

Confirming our hypothesig,eishmania ama- MM MgSO,, brought o 4 x 17 cells mI™, and maintained
. bl d bl in an ice bath until use. To six tubes containing JE0of
zonensisvas able to produce a soluble extracel;;qpeq promastigotes, 1Q0 of *“C-labeled carbohydrate

lular sucrase. The enzyme was purified to hQgas added—final concentration: 0.5 .Ci pmole*—
mogeneity and characterized. and the tubes were incubated at 25°C for 0.5, 1, 2, 5, 10 an(
Concomitanﬂy, we searched for other glycozo min, respectively. After incubation, 3 ml of ice-cold
lytic enzymes that would be released in the mé)_uffer was added to each tube and the contents were filtere
. . . through a 0.8um filter. The radioactivity incorporated by
dium and found amN-acetyl-galactosaminolytic . ciis was measured by scintillography.
activity described herein for the first time.
The possible role of these enzymes and the@lycolytic Activity Assays
importance to the life cycle dfeishmaniaare

. 1. Assays upon natural substratd$ie glycolytic activi-
discussed. ys up gyealy

ties upon natural substrates were measured by the determ
nation of the concentration of free glucose or fructose re-
MATERIAL AND METHODS leased. Glucose concentration was measured using a gl
cose kit (from Analisa, Belo Horizonte, Brazil) based on the
glucose oxidase—peroxidase method described by Trinde
Maintenance culturePromastigotes of.. amazonensis (1969). Fructose was measured according to Chaplir
(IFLA/BR/67/PH8) were grown at 240°C with shaking in a(1986): each fructose molecule reduces a NADP molecule
chemically defined medium (Melet al. 1985) supple- in a series of enzymatically catalyzed reactions. The
mented with type V bovine serum albumin (BSA Sigma) (6NADPH produced is measured spectrophometricaly at 34C
g liter'), 5% fetal calf serum (FCS), and sucrose (2 '™M-
liter™®) as the only carbohydrate source. The assays were performed in two steps:

Culture for sucrase purificationMid-log phase mainte- i. The natural substrates at 29vr(final concentrations)

nance culture promastigotes were washed twice in fregfo e incubated with the enzyme, at 37°C, in a total volume
medium containing 11 M sucrose without BSA and FCS. of 0.5 ml in 0.1M sodium citrate buffer, pH 5.5

The washed cells were brougbt4 x 10’ (cells) mI"*in 200 ii. For glucose determination, 2Q@ of incubation mix-
ml of the same medium and were cultivated for 4 days age \yas taken and added to 13aDof kit color reagent.
already described. Purification was achieved after centrif%ﬁer 15 min at 37°C the absorbance was measured at 50!
gation and filtration in 0.8m nitrocellulose filters. nm. For fructose determination, 1p0of incubated mixture

. . L was taken and the assay was carried out as described (Cha
Screening for Saccharolytic Activity among  jin 19g6).

Different Species of Trypanosomatids

Cell Cultures

2. Assays upon synthetic substrat€be glycolytic ac-
The species were grown in blood agar medium and deivity upon synthetic PNP-derived substrates was performec
fined medium (Meloet al. 1985) containing sucrose (2 g as described by Verpoorte (1972): 1@0of culture super-
liter™Y) and 5% FCS (liquid phase). The saccharolytic acratant was incubated with a PNP substrate inNd dodium
tivity was assayed in the crude culture supernatant as deitrate buffer, final volume 0.5 ml. After incubation at 37°C
scribed below. for 18 hr, 1 ml of glycine buffer (pH 10.5) was added. The
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p-nitrophenol released was determined spectrophotometiyas metabolized, releasinlf'coz_ While

Cal"y at 400 nm. i erude _— U-4C]2-deoxyglucose was taken up with time,
n any assay with crude culture supernatant, the superna- - .
tant was previously filtered in a Sephadex G50 columrl(lgple"jlcl’“ng a steady state level after 10 min (8

equilibrated with water to remove small molecules such a8mMole by 16 cells), sucrose molecules are not

glucose, fructose, and sucrose. directly taken up. Sucrose uptake, therefore, re
o ) o quires previous hydrolysis; the monossacchari
Distribution of the Saccharolytic Activity des that were produced—glucose and fruc:
among Culture Supernatant, Cytosol, and tose—apparently may be transported by the
Cell Membranes same carrier (Pastakia and Dwyer 1987) to be

One milliliter of culture was microcentrifuged for 1 min. metabolized, producing heat (Mares-Geizal.
The supernatant was stored at 0°C and the cells wef990).

washed three times in 25NMhpotassium phosphate buffer,  Apgut 94% of the sucrase producedlbyish-

pH 7.0, containing 1 Ml MgSO, and 0.115M NaCl. One . . :
milliliter of distilled water was added to the pellet and themama is secreted into the culture medium. In

hypoosmotically disrupted cells were submitted to thaCt’ O_nly a residual saccharolytic _aCt'V'ty was
freezing—thawing cycles and microcentrifuged for 3 minfound in the cytoplasm (4.5%) and in the mem-
The supernatant, corresponding to the cytosol solution, wigrane fraction (1.5%).

stored as already described. The membrane pellet was | searching for different glycolytic activities

washed in distilled water and resuspended in 1 ml of watefn the culture supernatant, a series of natura
Finally, 100wl volumes of the supernatant, cytosol, and ’

membrane suspensions were assayed for saccharolytic Q@rbOhydrateS and synthetic PNP-carbohydrat‘
tivity using the glucose kit. The incubation time was 2 hr. Aderivatives were assayed as substrates. Amor
blank was based on heat-inactivated material. The data weiige natural substrates, only sucrose and raffi
plotted as a percentage of the total saccharolytic activity iRpge were significantly hydrolyzed, although
100 ul of culture. there was very weak activity upon maltose,
threalose, and melibiose (Table 1). The other
natural substrates tested—palatinose, lactulos

The culture supernatant was rapidly passed through tfiranose. lactose. and cellobiose—were not hy
Sephadex G50 column equilibrated with distilled water for ’ '

desalting and was immediately lyophilized. The lyophilizedIr0lyz€d. Other glycolytic activities were de-
material was chromatographed in a Sephadex G75 colunif@cted only upon PNM-acetyl-p-galac-
(110 x 1.4 cm, 1.5 ml mif) equilibrated with 0.05M tosaminide and PNM-acetyl3-b-gluco-
citrate buffer, pH 5.5, 0.1 NaCl, 0.02% azide. The frac- sgminide when using PNP derivatives. The

tions, corresponding to the second peak, were pass?\?j-acetyl-glucosaminolytic activity was de-
quickly through a Sephadex G50 column previously equili-

brated with starting buffer: 0.0M sodium phosphate, 0.01
M B-glycerolphosphate, 1% glycerol, 0.02% azide, pH 7.5.
The equilibrated material was immediately chromato-
graphed on Q Sepharose in a FPLC system (colGnx 1
cm, 0.5 ml minY). The eluting buffer was the same as
already described, plus 0.28 NaCl.

Sucrase Purification

TABLE |
Glycolytic Activity of the Crude Culture Supernatant
upon Some Carbohydrates

Relative
. . . . Substrate Substrate structure activity (%)
Determination of Protein Concentration
Sucrose Glax(1-2)B-Fru 100
The measurements were carried out by the Bradforatfinose Gal(1-6)-Glor(1-2)B-Fru 53
method (Sedmak and Grossberg 1977) except when Vegyajiose Glce(1-4)-Glc 3
small amounts of protein were available. In this case th¢prealose Glax(1-1)a-Glc <1
concentration was estimated by the enzyme peak area refga|ipiose  Gale(1-6)-Glc <1
tive to the total chromatographic area corresponding to the
total protein applied in the column. Note.In this experiment, glycolytic activity is the ability
to release or fructose moieties from any of the substrate:
REsuLTS listed above. Glc: glucose; Fru: fructose; Gal: galactose. A

. . . relative activity of 100% corresponds to the actual activity
L. amazonensipromastigotes were grown iNef 1 g glucose (or fructose) released mir(4.5 ug pro-
a medium containing [UC] sucrose, which tein)™.
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scribed previously and its role was discussed
(Schleinet al. 1992). At pH 5.0, theN-acetyl- q
glucosaminolytic activity was about 10 times  2°T g0y

So,...

higher than that oN-acetyl-galactosaminolytic. Pe,sz H100,,,
At pH 6.5, there was noN-acetyl-galac- % 3
tosaminolytic activity and théN-acetyl-gluco- L ! ' f
saminolytic activity was reduced to 30%. The = '°] P g
other PNP derivatives tested were PR®- § , s -
glucopyranoside, PNa-p-glucopyranoside, < ! g
PNP8-p-galactopyranoside, PN&-D-galac- o5 < 3 ;
topyranoside, PNIB-p-manopyranoside, PNP- - 5
B-p-xilopyranoside, PNRB-p-fucopyranoside, S WS VR S S D
PNP-«-p-fucopyranoside, and PNR-L- 30 35 40 45 50 55 60 65 70 75 80
fucoside. Fraction number
The sucrase was purified in two steps: gel 006

filtration chromatography in Sephadex G75
(Fig. 1a) followed by an ion exchange chroma- .|
tography in Q Sepharose (Fig. 1b) in which the
purified enzyme was eluted when the overall | o041
buffer composition was 6% elution buffer plus €
94% starting buffer. Table Il describes the su-g %937
crase purification scheme. The sucrase moleciz o
lar weight as estimated by gel filtration chro-
matography (Fig. 1a) and by SDS—PAGE elec- 0
trophoresis (Fig. 2) was 73 and 70 kDa,
respectively. °c % 2 30 40 0 eo
With sucrose as substrat€,, andV,,,, were Fraction number

4.4 mM._gFlg' 3) and_ 6'9Mm9|e glu_ Fic. 1. (a) First purification step. The supernatant culture
COS@ - min” - (mg sucrase}, respec_:tlvely. The desalted by passing through Sephadex G50 and concer
optimum pH was pH 5.5 (inset, Fig. 3). trated by lyophilization was chromatographed in a Sepha-
In the first purification step the saccharolyticdex G75 column, equilibrated with 0.08 sodium citrate
activity was divided into two distinct peaksbuffer, pH 5.5, containing 0.1 NaCl and 0.02% azide.
Saccharolytic activity was assayed as described under Ma

(Fig. 1a). The peaks might represent Isoer-?erials and Methods. The column was previously standard-

Zymes or dlffer_ent grades of g_IyCO_Syla_tlon Oézed with BSA (66.7 kDa), Ova (ovalbumin, 45 kDa) and
the same protein backbone. Dimerization Waarb. A. (carbonic anhydrase, 29 kDa). (- - -) sucrase activ
discounted since no saccharolytic activity wasy (suc., 73 kDa). (b) Second purification step. lon ex-

observed where the sucrase dimers should hagk@nge chromatography in Q Sepharose (FPLC System)
- . . The fractions corresponding to the second peak of saccha
eluted on a gel filtration Chromatography Inrontic activity were pooled and equilibrated in the starting

Sephadex G150. THém 9f the P“”f'ed SUCIase  fer (0.01M phosphate and 0.0 B-glycerolphosphate
and the apparer,,, obtained with crude culture puffer containing 1% glycerol and 0.02% azide, pH 7.5).
supernatant were about the same (data nOte sucrase activity was eluted with the same eluting buffer
shown). (E.B.) as that mentioned above, with 0.R6NaCl added.

The action of the purified sucrase upon sut_) Totl protein (A280 nm); () relative saccharolityc

. . activity%; (- - -) percentage of the E.B. in mixture with start-

crose, raffmose_’ ma_lto_se’ arpxsinltroph_enyla- ing buffer. In a and b, 100% relative activity corresponds to
p-glucopyranoside indicated that it iS @D- the actual activity of 8.%.g glucose - mir* - mi* and 0.7
fructofuranoside fructohydrolase, correspondsg glucose mii* - mi™, respectively, in the most active
ing to the group E.C. 3.2.1.26 (Table IIl). peak fractions.

Except for species of the genugypano-

E.B.100%

3
oo

.02

Relative saccharolytic activity
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TABLE I
Sucrose Purification Scheme
Total Enzyme Specific Enzyme Purification
protein units activity yield factor
Culture crude
supernatant 9909 497 mU 500 mU mg* 100% 1
After first step 34ug 125 mU 3,670 mU mgt 25% 7.3
After second
step 0.8ug 20.2mu 25,000 mU mig 4% 50

Note. The enzyme was incubated with 28vhsucrose for 1 hr at 37°C in citrate buffer G\, pH 5.5. 1 U, (1umole
glucose).min.(mg* sucrase) at 37°C.

soma,all others tested herein were able to splihave as unique nutrients carbohydrates an
sucrose, as shown in Table IV. other substances found in plant sap or aphid an
coccid honeydew ingested after the infective
bloodmeals. In fact, a regular sugar meal car
As described by Gemetchu (1974) an acelllenhance the number of promastigote cells de
lar peritrophic membrane is quickly secreted byeloping in sand fly’s gut (Sherlock and Sher-
sandflies’ midgut cells around the ingestedock 1961) and also the number of parasites
blood. Simultaneously, digestive enzymes aregested by infected flies while bloodfeeding
secreted to start the digestive process (MaljWarburg and Schlein 1986).
mood and Borovsky 1993). After an infective The plant sap is very rich in sucrose, which
bloodmeal, the ingested parasites use the nutriray reach concentrations as high as 10 to 309
ents present in the digesting blood to suppoin 80% of the investigated plants (460 species ir
their initial transformation and multiplication. A 552). Raffinose, the second most important
few days after infection, the peritrophic mem-sugar present in sap, reaches concentrations
brane breaks down and the parasites migrate tlee range of 2 to 30% in about 33% of these
the foregut where their development is complants. On the other hand, free hexoses ar
pleted (Killick-Kendrick 1990).

DiscussioN

In the foregut, the parasite cells probably
10
2
MW  SAC T
" 08 §
205000 > « E 3
g 06 ol T
s
116000 = £ oad
97,000 = s -
Z
T 02
67000 " —70,000
/ T T L] Ll Ll
0 02 04 06 08 10
1/(S] (mM}
45000~ & Fic. 3. Sucrase,, and optimum pH. Using sucrose as

substrateK,,, was estimated by a weighted linear regression;
incubations were performed in OM sodium citrate buffer,
pH 5.5, at 37°C for 3 hr. The enzyme was assayed irfD.1
Fic. 2. Sucrase relative molecular mass was determinesbdium citrate buffer, pH 4.0-6.5, and 0MLsodium phos-
by electrophoresis in 7% SDS-PAGE. MW: relative mophate buffer, pH 7.0-7.5, at 37°C for the optimum pH de-
lecular mass, SACLeishmaniasucrase. termination. The incubation lasted 2 hr.
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TABLE I and probably not raffinose either, the produc-

Activity of the Purified Sucrase upon Natural and  tjon of an extracellular sucrase is important for
Synthetic Substrates their development, even though phlebotomine

relatve  Sand flies produce at least one enzyme capabl

Substrate Substrate structure activity (%) of splitting sucrose (Samiet al. 1990; Afiezet
gu?fr_ose GGllcag-é%B(-;lTru(l - lgg al. 1989). In the early phase of the infection,
arfrinose al -0)-Glcx(1- -Fru . .
Maltose G|Cz(1_4)_G|c . 4 when the parasites are arrested into the endc
p-N-phenyle-o- peritrophic space, small molecules such as su
glucopyranoside  p-N-phenyle-p-Glc 0

crose and raffinose may easily pass through th

Note. The capacity to release glucose or fructose moieties froperitrophic membrane whereeishmaniasu-

any of the substrates was searched. Glc: glucose; Fru: fructose; Gal: : ; ;
galactose. A relative activity of 100% corresponds to the actuae’lrase can Sp"t them’ thereby Improving the

activity of 0.16 ug glucose (or fructose) released.mirf0.37 ug  chance of carbohydrate uptake bgishmania
sucrase). The deviations from the averages were around 7%. cells.

The phlebotomine sucrase apparently is re:
found in very low concentrations and nitrog-stricted to the midgut microvillar cell mem-
enous substances are commonly less concésranes (unpublished results) and the glucos
trated than carbohydrates (Ziegler 1975). and fructose produced by this enzyme, next tc

The honeydew produced by aphids and cothe midgut cells, would be promptly absorbed
cids contains sucrose, glucose, fructose, aty the insect carriers, leaving little to be taken
other carbohydrates regarded mainly as prodip by parasite cells within the endoperitrophic
ucts synthesized from simple sugars through irspace.
sect gut glycosidases (Auclair 1963). In the foregut region, the promastigotes prob-

Since promastigotes cannot take up sucrosily depend only on their own sucrase to split

TABLE IV
Saccharolytic Activity among Trypanosomatids
Species Strain code Saccharolytic activity
Leishmania(Leishmania)Jamazonensis IFLA/BR/67/PH8 +
Leishmania(L.) mexicana MHOM/BR/60/BH6 +
Leishmania(L.) chagasi MHOM/BR/74/PP75 +
Leishmania(L.) aethiopica MHOM/ET/72/L100 +
Leishmania(L.) donovani MHOM/80/DD8 +
Leishmania(L.) tropica MHOM/SU/74/K27 +
Leishmania(L.) major MHOM/SU/73/5ASKH +
Leishmania(L.) infantum MHOM/TN/80/IPT1 +
Leishmania(Viannia) guyanensis MHOM/BR/75/M4147 +
Leishmania(V.) braziliensis MHOM/BR/84/LTB300 +
Leishmania(V.) panamensis MHOM/PA/71/LS94 +
Crithidia fasciculata ATCC 12 857 +
Phytomonas sp. — +
Herpetomonas samuelpessoai ATCC 30 252 +
Leptomonas seymouri ATCC 30 220 +
Sauroleishmania tarentolae LV 414 +
Endotrypanum shaudinni MCHO/BR/80/M6159 +

Trypanosoma cruzi
Trypanosoma rangeli
Trypanosoma conorhini
Trypanosoma crudike

BERENICE 78-Y/4
P 19

N 292/Clone

Note. The culture supernatants capable of releasing glucose from sucrose were considered positive.
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sucrose. Thus, theeishmaniasucrase produc- and certaire-glucosidases. Thg-fructofurano-

tion could be the major enzyme involved in carsidases act on the fructose moiety, whereas th

bohydrate supply to the parasite. a-glucosidases attack the-glucoside moiety.
Sucrose concentration in the sap (0.5 to 1.8he characterization of an enzyme ag-&uc-

M) is more than sufficient to saturateeish- tosidase is based on its ability to hydrolyze raf-
maniasucrase, whosk,, is 4.4 mM. finose in addition to sucrose molecules (Myr-
When activities other than the saccharolytiback 1960). AsLeishmaniasucrase splits su-
were assayed for natural (Table I) and syntheticrose and raffinose and does not act on maltos
PNP-derived substrates, we found two glycosibr PNPa-D-glucopyranoside, it should be clas-

dases: anN-acetyl$-p-glucosaminidase, de-sified as a true sucrase, that is, fap-
scribed earlier together with a chitinase (Schleifructofuranoside fructohydrolase, which be-
et al. 1992), and anN-acetyl-p-galactos- longs to the group E.C. 3.2.1.26.
aminidase described herein. Although informa- Leishmaniasucrase is highly specific—
tion about the composition of phlebotomineamong 10 natural substrates tested, only sucros
peritrophic membrane is insufficient, it is pos-and raffinose were hydrolyzed to any extent
sible that theN-acetyl-p-galactosaminidase (Table ). It requires a substrate with a terminal
described here may have a role in peritrophig-p-fructofuranosyl residue and any change in
membrane disruption. In fact, some hematophdie fructose carbon participating in the glyco-
gous insects havid-acetyl-galactosamine in thesidic linkage results in loss of activity. If the
composition of their peritrophic membranessaccharolytic activity has a significant role in
(Billingsley 1990; Shahabuddin and Kaslowthe Leishmanialife cycle, as we strongly pro-
1994) and the mosquitéd\nopheles stephensipose here, other related species should produc
hasN-acetyl-galactosamine as its principal perian enzyme like this. In fact all theeishmania
trophic membrane component (Bernet al. species and other related protozoans tested, e
1983). cept those of the gendsypanosomaproduced
The optimal pH for the action of the purified sucrase (Table V). These data are in agreemer
sucrase (inset of Fig. 3) is acid. Its acidic rewith the fact that thelrypanosomavectors do
quirement is in agreement with the phlebotnot get sucrose or raffinose as meal.
omine gut pH measured with indicator dyes (un-
published results) and with other enzymes ex-
creted byLeishmaniapromastigotes, such as a We thank Dr. Egler Chiari for generously providing us

chitinase anN-acetyIﬁ-D-gIucosaminidase with some Trypanosomaparasites. This work was sup-
’ orted by CNPq (Conselho Nacional de Desenvolvimento

(Schleinet al. 1992) and an acid _phosph_ataséiéntiﬁco e Tecnoldgico). FAPEMIG (Fundacéo de Am-
(gl et al ?—991)- In addition, an aC|d_|C eNnviIroN-paro & Pesquisa de Minas Gerais) and by the UNDP;
ment,in vitro, may promote promastigote trans-WORLD BANK/WHO Special Programme for Research
formation into metacyclic forms (Bates and Tetand Training in Tropical Diseases (TDR ID 900067).

ley 1993). These findings can promote a refor-
mulation of the thoughts about the role of
ph|eb0tomine gut pH foLeishmaniametacy_ ARNEZ, N., NIEVES, E., AND CARZOLA, D. 1989. The validity
clogenesisn vivo of the developmental pattern in sandfly gut for classifi-

. cation of Leishmania. Transactions of the Royal Society
On the other hand, the sucrase activity ob- of Tropical Medicine and Hygien83, 634—635.

tained fromL. donovanicrude cultures was the auciar, J. L. 1963. Aphid feeding and nutritionnual
same whether the assay was performed at pHReview of Entomolog$, 439-490.

5.5 or pH 7.6 (Blum and Opperdoes 1994), buBATEs, P., aND TETLEY, L. 1993. Leishmania mexicana:
L. amazonensisucrase had no activity at pH Induction of metacyclogenesis by cultivation of promas-

. . tigotes at acidic pHExperimental Parasitology6, 412—
7.5 (inset of Fig. 3). 423_ pri=xp oy

Sucrose is hydmlyzed by two kinds of €NBerneR R., RUDIN, W., AND HECKER, H. 1983. Peritrophic
zymes—B-fructofuranosidases (true sucrases) membranes and protease activity in the midgut of the
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