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Summary

T'he series Psychodopygus squamiventris contains a number of morphospecies which are separated accor-
ding to male morphological characters alone. Females of this series, presumed to be Ps. wellcomei, had been
incriminated as vectors to man of Leishmania braziliensis in southeast Amazonia, Brasil, but the recent discovery
of Ps. complexus males in the same forests has called into doubt the vectorial and biological status of Ps. well-
comel. Enzyme polymorphism svas investigated in males and in laboratory-reared F1 females of both morpho-
species in a search for diagnostic female characters and for evidence of biological separateness. 16 enzymes
were studied using electrophoresis (all 16 with cellulose acetate and 3 with starch gel as well). Only Glucose-
phosphate isomerase (E.C. 5.3.1.9.), Mannosephosphate isomerase (E.C. 5.3.1.8) and Phosphoglucomutase
(E.C. 2.7.5.1) displayed substantial polymorphism at any one locus. No diagnostic electromorphs were found,
but GPI allele frequencies and genotype frequencies were significantly different for populations of Ps. wellcomei
and Ps. complexus. This result supports the conclusion of rearing experiments, namely that these two taza
are distinet biological species.
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Résumé

UNE COMPARAISON ALLOENZYMIQUE ENTRE PSYCHODOPYGUS WELLCOMEI — UN VECTEUR INCRIMINE

DE LEISHMANIA BRAZILIENSIS — ET L’ESPECE MORPHOLOGIQUE SYMPATRIQUE Ps. comrrexus (DrpTeRa,

Psycnopipar). La localité-type de Psychodopygus wellcomei est la Serra dos Carajis dans UEtat brésilien
du Pard, ot les femelles de ce phlébotome ont éié incriminées comme vectrices de Leishmania braziliensis, Pagent
étiologique de la leishmaniose cutanée régionale. Récemment, le statut vectoriel et biologique de Ps. wellcomei
a été mis en doute par les études écologiques qui ont moniré la présence de Ps. complexus dans la Serra dos Cara-
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jas. Les deux espéces appartiennent au méme groupe d’espéces (ou série), celui de Psychodopygus squamiventris,
qui se compose de plusieurs espéces morphologiques qu’on ne peut classer que selon les caractéres mdles.

La variation enzymatique a été recherchée chez les mdles: et chez les femelles (F1) des deux espéces, afin
de découvrir des différences biologiques et des caractéres diagnostiques chez les femelles. L’ électrophorése o éié
appliquée aux 16 enzymes (toutes les 16 sur acéiate de cellulose, et 3 seulement sur amidon). Seules les enzymes
GPI (E.C. 5.3.1.9), MPI (E.C. 63.18) et PGM (E.C. 2.7.5.1) étaient fortement polymorphes & n’importe
quel locus.

L’électrophorése n’a pas mis en évidence de caraciéres diagnostiques mais les fréquences alléliques et géno-
typiques de Uenzyme GPI étaient nettement différentes chez Ps. wellcomei et Ps. complexus. Ce résultat renforce
les conclusions des expériences d'élevage, & savoir que les deux taxons sont des espéces biologiques : les mdles F1

et F2 tssus d'une méme femelle ont toujours été du méme type morphologique.

Mots-clés :

The series Psychodopygus squamiventris con-
tains a number of morphospecies whose males are
morphologically distinet, but whose females cannot
presently he distinguished (Ready et al., 1982).
Females of this series, presumed to be Psychodo-
pygus wellcomei Fraiha, Shaw and Lainson, have
been ineriminated as vectors to man of Leishmania
braziliensis s.1. in southeast Amazdnia, Brazil (Lain-
son el al., 1973). The original epidemiological
investigations were carried out in a small forested
area of the Serra dos Carajas hills in Pard State,
where Ps. wellcomet was thought to be the only
representative of the squamiveniris series sensu
stricto and to predominate in catches of phleboto-
mines from human hait (Ward et al., 1973). Howe-
ver, the recent discovery of the males of another
member of the series, Ps. complevus Mangabeira,
in the same forests called into doubt the identity
of the infected female sandflies found by those
workers (Ready et al., 1984).

The present publication reports an investigation
of enzyme polymorphism in Ps. wellcomet and Ps.
complexus, which was undertaken to search for
characters diagnostic for females aud to help
elucidate the biological status of these two mor-
phospecies — taxonomic preliminaries to any
studies on their roles as vectors of cutaneous
leishmaniasis.

1. Materials and methods

Male and female phlebotomines were aspirated
from Shannon traps (Shannon, 1939) set in ever-
green seasonal forests covering the summit and the
base of the Serra Norte, the northern range of the
Serra dos Carajds hills situated in southeast Pard
State, Brazil (6° 5-50018" W). Two forest sites were
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sampled : " N2 at 600-700 m above sea-level,
the site where Ps. wellcomei females infected with
Le. braziliensis were found by Lainson et al. (1973) ;
and, ' Paranapanema ” at 150-200 m above sea-
level, at the eastern base of Serra Norte near the
river Parauapebas. Psychodopygus wellcomei pre-
dominated at the former site and Ps. complexus at
the latter (Ready et al., 1984).

Phlebotomines were collected from 18.30 (dusk)
to 21.00 hr (= GMT — 3 hours) on several dates
hetween November 1982 and March 1983. At the
end of an evening’s capture, the total catch was
left in a holding cage to feed overnight (in the
forest) on a restrained hamster. The following
morning all living males and unfed females were
stored in liquid nitrogen ; blood engorged females
were individually captured in tubes and their
progeny reared, as isofemale lines, in the insectary
of The Wellcome Parasitology Unit in Belém-
(256 4 3°C; 90 % RH; ca. 12 hour daily photo-
period) following the methods of Ward (1977) and
Ready and Croset (1980). One day after emer-
gence F1 adults were stored in liquid nitrogen.

Enzyme polymorphism in individual flies (or
parts of them) was studied using cellulose acetate
electrophoresis (Helena system) and starch gel
electrophoresis (Lanham et al., 1981 ; Miles et al.,
1980). For cellulose acetate electrophoresis (CAE),
ultra-violet fluorescent methods were used to
visualize the enzymes Aspartate aminotransferase
(E.C. 2.6.1.1.), Alanine aminotransferase (E.C. 2.6.
1.2.) and Esterase (E.C. 3.1.1.1.) (Lanham et al.,
1981) ; for all other enzymes, tetrazolium staining
was employed, with the * developer ™ (of substrate,
coenzyme and linking enzymes) incorporated into
a 10 9%, agar gel (Kreutzer and Christensen, 1980 ;
Lanham, 1982). Phlebotomines were sorted and
prepared for electrophoresis on ice-packs. Each
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fly was ground with a glass rod in 15 p of “
stabilizer ” (Miles and Ward, 1978).

enzyme

2. Results

2.1. CELLULOSE ACETATE ELECTROPHORESIS

Each homogenate of an individual fly provided
material sullicient for the revelation of four to
SIX enzymes.

Glucosephosphate isomerase (E.C. 5.3.1.9. GPI)

The revelation of GPI gave strong, discrete
anodic electrophoretic bands (= electromorphs)
which, based on the results of isofemale broods,
represented four allelomorphs at one locus (Fig. 1).
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Ficure 1. — Electromorphs revealed after separation of

the alloenzymes of Glucosephosphate isomerase (GPI)
on cellulose acetate.

All allelomorphs of this dimeric enzyme were
common to Ps. swellcomei and Ps. complexus (l.e.
non-discriminating) bul, quantitatively, enzyme
polymorphism was significantly less for Ps. well-
comel (Table I). For each population, the geno-
types were united into the two groups (Table II)
that best reflected the differences between Ps. well
comet (alleles ““a ”” and “d ” infrequent allele *“ ¢ ”
frequent) and Ps. complezus (alleles » and © d ”
frequent ; allele “c¢ ™ infrequent). QO arranged,
pairs of populations were compared (in 2 X 2
contingency tables) by using Fisher’s Exact test
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which, unlike the 2 test, is not invalidated by theo-
retical (= °“ expected ) numbers of less than 5
(Bailey, 1969 : 61-65). Genotype frequencies were
found to be significantly different for the two
morphospecies regardless of population origin
{(p << 0.05 for two-tailed Exact test, for all inter-
specific comparisons in Table IT). Similarly, allele
frequencies were found to be ~:1it;'n1ﬁcatn’tlv different
for the two morphospecies.

By forming five genotype groups (b/b, b/e,
b/d, b/a and “ others ”’) %> tests were performed to
compare observed frequencies with those expected
in the case of Hardy-Weinberg equilibrium. No
significant deviation from Hardy-Weinberg equi-
librium could he demonstrated for the combined
wellcomer and complezus populations from Parana-
panema or for the combined populations from both
sites (0.95 > p (%) > 0.05). This result indicates
the desirability of increasing the sample size.

All four electromorphs of GPI could be revealed
routinely using only the thorax of individual

flies.

Mannosephosphate isomerase (E.C. 5.3.1.8., MPI)

The revelation of MPI gave intense, discrete
anodic electromorphs which, based on the results
of isofemale broods, were the products of five alleles
at one locus, All allelomorphs of this monomeric
enzyme were common to Ps. wellcomei (N = 46)
and Ps. complexus (N = 26) and the allele and
genotype frequencies were not significantly diffe-
rent for their populations. All five electromorphs
could be revealed routinely using an extract of the
thorax of individual {lies.

Phosphoglucomuiase (E.C. 2.7.5.1., PGM)

Two (presumed) anodic loci were revealed,
but electromorphs at the faster were seen on only
one occasion. The slower locus had four allelo-
morphs common to Ps. wellcomei (N = 22) and
Ps. complexus (N == 25). PGM 1s monomeric in
these species, but the electrophoretic bands were
rarely intense and often dillicult to visualize, even
in extracts of whole (lies.

Isoctirate dehydrogenase (E.C. 1.1.1.42., ICD)

Two intense, diserete anodic electromorphs,
apparently representing two loci (from the distance
between them), were common to Ps. wellcomel
(N == 22) and Ps. complezus (N = 24). Another
Ps. wellcomer had a slightly faster band at the
faster locus.
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Tasre 1

Allele and genotype frequencies for the enzyme GPI (* Alleles designated a, b, ¢, d in descending order of anodie mobility).

Collection site N2 PARANAPANEMA PARANAPANEMA
Morphospecies
(833 and F1 29) wellcomel wellcomet complexus
No. of specimens 40 20 39
No, of alleles 4 4 4
Allele frequency a* = 0.012 0.025 0.141
b = 0.718 0.700 0.654
¢ = 0.268 0.250 0.051
d = 0.012 0.025 0.154
Genotypes : frequency number frequency number frequency  number
Observed and b/b = 0.500 20 0.450 9 0.461 18
(theovetic) {0.508) (20.3) (0.490) (9.8) (0.428) (16.7)
b/e 0.375 15 0.400 8 0.103 4
(0.375) (15.0) (0.850) (7.0 (0.067) (2.6)
cfe = 0.075 3 0.050 1 0.000 0
{0.069) (2.8) (0.063) (1.3) (0.003) (0.1)
bjd = 0.025 1 0.050 1 0.103 4
{(0.017) (0.7) (0.035) 0.7) (0.201) (7.8}
d/d = 0.000 0 0.000 0 0.051 2
0.001 (0.0) (0.001) (0.0) (0.024) (0.9)
dja = 0.000 0 0.000 0 0.103 4
(0.001) (0.0) (0.001) (0.0 (0.043) (1.7)
bfa = 0.025 1 0.050 1 0.179 7
(0.017) (0.7) (0.035) (0.7) (0.184) (7.2)
Others = 0.000 0 0.000 0 0.000 0
— afa, afe, {0.012) (0.5) (0.025) (0.5) {0.050) (2.0)
efd
Tasre II
Grouped genotype frequencies for the enzyme GPI (* All males).
No. (95) in genotype groups
Morphospecies Collection site b/b + b/e + cfe Others
complexus Paranapanema 22 (56.4 9) 17 (43.6 9%)
wellcomet Paranapanema 18 {90.0 %) 2* (10.0 %)
wellcomel N2 38 (950 0/0) 2* (5.0 %)
wellcomet Combined 56 (93.3 %) &% (6.7 %)
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Hexokinase (E.C. 2.7.1.1., HK) and Aminopepti-
dase (cytosol) (E.C. 3.4.11.1., PEP)

The revelation of each enzyme gave two well-
separated anodic electromorphs (apparently repre-
senting two loci) common to Ps. wellcomei (N = 8,
11) and Ps. complezus (N = 7, 3). The slower
band was always the more intense.

Malic enzyme (E.C. 1.1.1.40., ME), Glucose
6-phosphate dehydrogenase (E.C. 1.1.1.49., G6PD)
and 6-Phosphoglucose dehydrogenase (E.C. 1.1.1.44.,
6PGD)

For each enzyme, one intense, discrete anodic
electromorph was found to be common to Ps. wellco-
met (N = Q, 9, 9) and Ps. complexus (N = 23, 3, 3).

Malate dehydrogenase (E.C. 1.1.1.37., MDH)

Two intense, discrete electromorphs, one ano-
dic and the other cathodic, were common to Ps.
wellcomer (N = 24) and Ps. complexus (N = 7).

Aspartate aminotransferase (E.C. 2.6.1.1., ASAT),
Alanine  aminotransferase (E.C. 2.6.1.2.,
ALAT), Aconitate hydratase (E.C. 42.1.3.,
ACON ), Lactate dehydrogenase (E.C. 1.1.1.27.,
LDH ), Glutamate dehydrogenase (E.C. 1.4.1.2.,
GD) and Esterase (E.C. 3111., EST; 4-
methylumbelliferyl acetate esterolytic)

ALAT, ACON, LDH and GD gave no electro-
phoretic bands, while the results with ASAT or
EST were poor or impossible to interpret (N = 10
wellcomer and 4 complexus for each enzyme).

2.2, STARCH GEL ELECTROPHORESIS
ASAT

One intense, discrete anodic electromorph was
common to all Ps. wellcomei (N == 13) and Ps. com-
plexus (N = 8). Two additional anodic bands
were revealed for one Ps. wellcomei (making a
three-band pattern tvpical of an heterozygote of
a dimeric enzyme). Strong extracts of females of

both morphospecies produced an additional, catho-
dic electromorph.

ALAT and EST

No discrete electrophoretic bands were revealed
(N = 21 wellcomei and 8 complezus).

Other electrophoretic bands

The enzyme stabilizer was often responsible
for an intense anodic band on CAE plates. This
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band was revealed when extracts of phlebotomines
were made in enzyme stabilizer or when enzyme
stabilizer alone was run as a control, but never
appeared in extracts of flies in double-distilled
water (which was rarely used because of poor reve-
lation).

3. Discussion and Conclusions

Enzyme electrophoresis is one, often powerful,
tool for the study of species groups and sibling
species, see Avise (197h). However, speciation is
not always accompanied by extensive enzymic
divergence and there are some morphologically and
hiologically distinet species of Drosophile which
show little or no enzyme differentiation (Sene and
Carson, 1977).

In the field of medical entomology, too, the
results of enzyme studies have been mixed : enzyme
variants are diagnostic between members of the
Anopheles gambiae complex, but not at some loca-
lities (Miles, 1978); and there is limited enzyme
variation in the Sumulium damnosum complex
(Townson and Meredith, 1979). Investigations of
enzyme variation in phlebotomines have heen few
and have not produced results of epidemiological
significance (Miles and Ward, 1978 ; Tibayrenc et al.,
1980 ; Ward et al., 1981a, lc)blb Petersen, 1982)

In the present investigation, enzyme chal racters
diagnostic for Ps. wellcomei and Ps. complerus were
not demonstrated ; reproductive isolation was not
proven by finding unique alloenzymes. Never-
theless, the available evidence does strongly suggest
that the two taxa represent good biological species :
significant differences in GPI allele and genotype
frequencies did indicate that genetic exchange does
not occur freely between their populations; and,
more importantly, F1 and EF2 isofemale (= single
family) broods reared in the laboratory have never
produced a mixture of the two male morphs
(unpublished observations). The major morpho-
logical differences between the external genitalia of
the males of Ps. wellcomei and Ps. compleaus,
alone, would indicate reproductive isolation to
most taxonomists. In addition, there i1s sub-
stantial physical isolation of the two morpho-
species : they are sympatric in most of their known
ranges in Amazonia, but Ps. wellcomer is abundant
only in submontane forests (Ready et ol., 1984),

It should be remembered that thls report
refers to attempts to characterize but 16 enzymes,
of which only 11 were successfully revealed.
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Methods are available for the detection (in different
media) of more than 80 enzymes and, therefore,
it is quite likely that more extensive investigations
could uncover enzyme variants diagnostie for the
females of Ps. wellcomei and Ps. complezus.
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