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ABSTRACT

Histochemical techniques were used to s~ g
composition, and function of glycoconjugates »» = ‘agees of larval
mosquitoes and black flies. Sections of late instar Iarvae . Aedes aegypti (L.).
Aades implicatus Vockeroth, Culex territans Wai=: Anopheles earlei Vargas
(Culicidae), Simulium yittatum Zetterstedt ane Gasnrapas dict ppticoid [s
(Simuliidae) were stained with alcian biue at gt U - 2.5. and 3.2, with aldehyde
fuchsin, and with periodic acid-Schiff's reagent 1o Jetermine the chemical
affinities of glycoconjugates present in the cephalic region. Lectins derived
from Triticum vuigaris (WGA) specific for N-acetyl-8-D-glucosamine, Bandeiraea
simplicifolia (BS 1) specific for a-D-Galactose, mm(s.u\) specific
for N-acetyl-B-D-galactose, Pisum sativum (PSA) specific for a-D-mannose, and
Ulex suropasus (UEA 1) specific for a-L-fucose were used to determine the
composition of the secretion product of the dorsal and ventral cephalic glands in
larvae of Agdes asgypti (L.). Additionally, larvae were fed inert Daygio®
particles and then sectioned and stained to determine the origin of
glycoconjugates reported in the gut contents. Enmmmmtm
and strongly sulphated glycoconjugal ' | glycoconjugates
m&mmtlﬁmmm“mmmmwm
are not used to enhance food capture or handling. instead, it is hypothesized
larval stadium, or faciiitate ecdysis. Of the lectins, only PSA bound 10 cells in
the ventral cephalic gland, indicating the presence of a-mannoee.
pny , previously obeerved in the gut and on the surface of the
nmmmimbhﬂmm 10 be asesociated with
partioulate food and possibly 1o render food perticles self-agghutinating. This




latter quality is important to larvae as it facilitates food acquisition. Removing
fine and coarse particulate organic matter from suspension and reforming it as
larger faecal peliets is an example of nutrient spiraling and resource refinement

and alteration within an aquatic ecosystem.
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|. INTRODUCTION

scientific community for several reasons including their nuisance to humans,
harassment of livestock resulting in reduced weight or vitality, and most
importantly, their ability to serve as vectors of diseass-causing organisms
(Harwood & James 1979). Mosquitoes serve as a vector of the disease-causing
organisms of a wide variety of diseases, including malaria, yeliow fever,
dongm and several encephal ,,(Hmoadumim) Cuﬁintly

& year are estimated (Clements 1992).

Aﬂﬂmympmhﬂhwbmmbym
With re ,ard to disease veciors and their control, there is a8 movement
toward using environmentally compatible methods. To effectively control a
vectior with ittle or no disturbance 10 the environment, as much as possible
shoront easiest 10 control, has

Mmmnmmn mmmmmmm
(Chance 1970; Dahl of ai. 1908; Dahi gt al. 1900; Lacoursiére 1002;



Lacoursiére & Craig 1993; Merritt at al. 1992a) have combined analyses of
morphology, behaviour, and interaction with the physical environment, in
particular, hydrodynamics, to elucidate the salient factors invoived in food-
particie capture. Information of this nature, it is hoped, will faciitate accurate
targeting with control substances, whether synthetic or natural, 8o as to have the
biﬂinp-clmnan-mpiomnmr the least economic cost, and a more

mmmmmmmm.mmdmmmm
Gilycoconjugates are widespread within the Animalia (Céssaro & Dietrich
1977) and many forms have been reported in many invertebrate taxa (Table |-
1). mdmmmbyxwﬁﬂmmuwgu
(1m)hnymmg!m';nalf
;'mmo@mmmmmm
(Jergensen 1975). Organelies implicated in food acquisition have been
studied, including flagelia in flageliates, paroral membranes in ciliates,
choanocyte collars in choanofiageliates and sponges, cilla in bryozoans,
brachiopods, phoronids and many other metazoans, and maxiliae in copepods
in addition to thess mechanical means of food-particie capture, the role
of glycoconjugates in feeding has been studied in invertebrates (Jergensen
1906; Jorgeneen o al. 1084). Mucus sheets or nets used in feeding have been
reporied for polychasies, gastropods, bivaives, echiurold worms, and
-ﬁm&b@mﬁnm The freshwater triclad, Adaliocaphals punciata
(Palias), is aided by mucous-ents "t in the capture of some prey lems




(Adams 1960). Chastopterus variopadatus (Renier and Clapérede), a
polychaste worm, secretes mucus from the posterior medial edge of aliform
notopods on the 12th segment to filter food particies from water (Flood & Fiala-
Médioni 1982). The food-containing mucous net is rolled into a ball and
transported to the mouth for ingestion.

Within insecta, mucus or silk nets are used by the tube-dwelling
trichopterans Phylocentropus (Wallace et al. 1976), Protodipasudonais (Gibbs
1968), Macronema and Hydropayche (Ross 1944), and some philopotamid
larvae (Wallace & Merritt 1960). Within the Nematocera, capture nets are most
1951).

Thopﬂﬁrﬂmnlwwlﬁhmmﬁimby

larvae. mwm:wmwmw
mmnmmmmwmwm
More recently Ross and Craig (1980) reassessed glycoconjugate use by biack
fly larvae. They suggested that glycoconju ﬁmwmﬁlﬁﬂl
fans to enhance particle capture. Similarly, Merritt and Craig (1987) described
Lacoursiére & Craig 1993) and moequito larvae by Dahi of al. (1988) and Fry
and Moiver (1900) has cast doubt on the hypothesis of particie capture aided by
glycocconjugates. However, LaBarbera (1984) has stated thet physical
mnmmmgmmm
efficiencies. In the case of larval biack filss and mosquitoss, glycoconjugales




The aim of this project was to determine the origin, composition, and
function of glycoconjugates in the cephalic region of larval culicids and
simuliids. This topic has application within the broad context of an incieased
awareness of deleterious effects on non-target organisms of insecticide use to
control larval biack flies and mosquitoes. A better understanding of what
constitutes acceptabie foodstuffs for culicids or simuliids versus material that is
not sampled, and a thorough understanding of the means of food-particle
capture of culicids and simuliids will potentially result in the refinement of
insecticide formulations. Insecticides may be produced that are consumed
specifically by culicids or simuliids and not by non-target organisms.

Additionally, a general curiosity toward mechanisms of suspension
feeding sysiems, and specifically the unresoived role of glycoconjugates in
food-particie capture also provide a motive for addressing this topic.

mwmtmmtuanmhmwm
and secreted extemally for use in food-particle capture, or handiing, is tested for
larval simuliids and culicids.

Chapter 2 describes a histochemical study of glycoconjugates originating
mwmnMnlumkmmafdwmwamm
(L), A. imaiicatus Vockeroth, Anapheies eariei Varges, and Cuisx iarmitans
Walker. This assembilage of species includes representatives from the major
behavioural groups within the functional feeding group “collector-fiterer” (Merritt
& Cummine 1984; Merritt of al. 1992b) in North American mosquitoss; namely
surface feeding An. sariei. water column feeding C. farriiang. and bottom
feeding A. aagypii and A. implicatus. Specimens of A. aagypti were acquired
from a laboratory colony of long standing in the Department of Entomology,
Universily of Aberta. To compensate for any behavioural artifacts associated
with a colony populstion, specimens of ancther botiom feeding species, A.



Chnpmr 3 is & histochemical evaluation of glycoconjugates originating
from dorsal and ventral cephalic glands in late instar larvae of Simulium
locally available species that has well developed labral fans for filter feeding.
Q. dichopticoides larvae are faniess and graze on the substrate for food. The
inclusion of Q. dichopticoides in the study was to test whether glycoconjugates

tfically fitering), fﬁﬁdhiﬂﬂﬁﬁ(ﬁﬂl'ﬁﬂﬂf

*mmmdmmh
hwmo«ammm ARQYDli larvae. This analysis is an initial step
towards establishing the role of glycoconjuga
mﬁphikwmdﬁlhgw“ mmm-
discussion of the falsification of the original hypothesis regarding the function of
glycooconjugates in the cephalic region. Additionally, an akemative hypothesis
to account for the presence of glycoconjugates in t jon |

thm:nmmﬂm mlmnmu
chemical solutions used in the histo- and cytochemical evaluation of
| tos mummwmmhm
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Fig. I-1. Dorsal aspect of a larval biack fly head (after Crosskey 1960).

Fig. I-2. Longitudinal section through a larval black fly head. Scale bar =
500 um (after Grenier 1949).






Fig. 1-3. Dorsal aspect of a larval mosquito head (after Merritt & Cummins
1964).

Fig. I1-4. Schematic illustration of a larval mosquito head. Scale bar = 500 ym
(after Dahl ot al. 1988).






Il. ORIGIN AND FUNCTION OF GLYCOCONJUGATES ASSOCIATED
WITH FEEDING IN MOSQUITO LARVAE (DIPTERA: CULICIDAE)

.1 SYNOPSIS

Histochemical techniques were used to determine the origin and function

, onjugates in the cephalic region of larval mosquitoes. Sections of late
instars of Asdes asgypti (L.), Aadaes implicatus Vockeroth, Culex territans
Walker, and Anopheies sariel Vargas were stained with aician biue at pH 0.5,
2.5, and 3.2, with aidehyde fuchsin, and with Schif's reagent to determine the
stained as above to determine the origin of glycoconjugates reported in the gut
mmlarym mmmmmmmawm
o :;";'mmm-ﬁthw
structures during the pharate stage, or facilitate ecdysis. Glycoconjugale
mmmngmmnmanw,mm
to be of exogenous origin, and associated with perticulate food. They may
render food particies seii-aggiutinating which is probably important 10 larvee in
‘suspension and in reforming i as larger fascal pellets.
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.2 INTRODUCTION

The feeding behaviour of mosquito larvae has been described as
“collecting-filtering™ by Merritt gt al. (1992a) and as “non-predatory and
omnivorous” by Aly (1985). To better understand filter feeding in culicid larvae,
Harbach (1977), Pucat (1965), Shalaby (1957a,b,c.d), and others used a variety
of approaches. The morphological and behavioural studies suggested sieving
by the iateral palatal brushes as the principal mechanism of food acquisition.

As part o1 a comprehensive study of filter feeding in larval culicines, Dah!
of al. (1968) used a systems approach to identify important spatial and temporal
elements. They separated feeding into two discrete phases. During the first
phase contraction of median labral retractor muscies cause the tormae to tum
on their axes, transmitting force to elastic lateral palatal piates, which, in tum,
cause the isteral palatal brushes to adduct into the buccal cavity. This results in
waler with entrained food particles flowing towards the buccal cavity. The
second phase occurs when the water is purportedly sucked into the expanding
pharynx and fikered by pharyngeal fringes. The lateral pailatal brushes are then
mwmamammmommmmby
relaxation of the lsbral retractor muscles. Water is then expelied by a posterior
10 anterior wave of contraction in the pharynx.

Widahi (1992) addressed the problem of particie acquisition on a
broader scale. Flow pattems near individual larvae were analyzed using high-
speed video. Two large flows, B and v, directed toward the buccal cavity were
identified. A third flow, a, is partially recirculated into the p and y flows, and,
also, creates a toroidal voriex anterior (o the larva. Widahl (1962) did not know
i the a flow resulied solely from contraction of the pharynx, or by the pharnynx

and mouthparts acting fogsther.
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pharynx plays a significant role in particle capture (Dahl gt al. 1968). This is in
contrast to previous modeis proposing the lateral palatal brushes or the
mandibles and maxiilae as the primary-fitering organs (Surtees 1959;
Christophers 1960; Merritt & Craig 1987).

in anopheline larvae, the lateral palatal brushes act as paddies to direct
a flow of water towards the buccal cavity. But, contrary to the mechanism
roposed in culicines (Dahl gt al. 1988), Merritt and coworkers hypothesi
mtmmmmwmwmmnmmmn
setas (Merritt o al. 1992b). Schremmer (1949) reported that anophelines used
the maxiliae to direct food into the pharynx where it was fikered. However, the
precise mechanism for particle capture in culicine and anopheline larvae
(Jergensen 1968, 1983; Jergensen gt al. 1964). However, its role in larval
culicid and simuliid feeding is still subject to debate. Ross and Craig (1980),
using histochemical techniques, identified secretory mucous glands in simuliid
larvae and discussed the role of mucus in food acquisition. Merriit and Craig
(1987), in a study of larvee of Asdes triseriatus (Say) and Anopheias
paiatal brush flaments 1o enhance food-perticie capture. This hypothesis was
reinforoed by the interpretation by Craig (1974), Davies (1974), and Wood




Contrary to the assertion of Merritt and Craig (1987), Dahl gt al. (1988)
did not accept the presence or use of mucus in filter feeding by culicid larvae.
Futhermore, Dahl gt al. (1990) reported that mucus, although present in the
foregut of culicid larvae, was neither in nor on the lateral palatal brushes, nor
were secretory giands observed in the material studied. Additionally, Fry and
Mciver (1990) showed that, in larvae of Aades aegypti (L.), the latera! palatal
brush epidermis did not secrete mucus onto the surface of the lateral palatal
brush filaments. Instead, these ceils had the major function of producing the
filaments of the large lateral palatal brush of the ensuing larval instar (Fry &
Mciver 1990). They showed aiso the near-compiete degeneration of this
epidermis in the fourth instar, supporting the hypothesis of a primarily
developmental role for this epidermis.

The processes resulting in formation of lateral palatal brushes in culicids
and of labral fans in simuliids is extraordinary (Craig 1974; Fry & Mciver 1990).
immediately following ecdysis, in all larval instars except the iast, the epidermis
underlying labral structures apolyses from the larval cuticle to allow for
formation of the labral structures of the next instar. In culicid larvae, a large
(Fry & Mciver 1990), is continuous with that between head capsule cuticle and
epidermis throughout the head.

Uniike head capsule cuticle, where the procuticle is broken down and
reabsorbed for recyciing, the procuticie of the labral structures is not broken
down and reabsorbed (Fry & Mciver 1980). The process of apolysis, secretion
reabsorbiion, and subsequent secretion of new cuticle doss not ooour for labral
structures. MW&NMMMM]&&:W



fluid-filled space allowing for development of the new lateral palatal brush. No
digestion of procuticle occurs and It is doubtful that the fluid filling the apolysial
space serves the same purpose as moulting gel does elsewhere in the larva.
With the putative role and presence of mucus in particle capture so
uncertain, the goal of this project was to histochemically determine the origin
and function of material in the cephalic region of larval mosquitoes. The term
“mucus” implies a function as a viscous material for particle capture (Jergensen
ot al. 1984), or for lubrication (Clamp f al. 1978; Denny & Gosline 1960).
mmmﬂWMth@mﬂnmmm
the chemically and functionally neutral term “glycoconjugate” (
1978) is used instead.
The terms mucus, mucos

Sple.rﬁ.l (1ﬂs)m:rguodmmmmnhnr WCO C
mmmmmm-ndmmmmw
They ailso state that carbohydrates isolated from any tissue should be labeled
mmmwmm The term

onjugate simply signifies that sugar residues are covalently bound to
ﬂmm or lipids. Until specific a substances’ biochemical
properties are determined, Rmﬁhmbﬂﬁﬂyﬂnbﬁq:




.3 MATERIALS AND METHODS

Third and fourth instar Culex territans Walker (n=22) and third instar
Ancpheles sariei Vargas (n=16) were collected from a semi-permanent slough
west of Edmonton, Alberta during the summer of 1990. Third instar Asdes
of Edmonton in the spring of 1989. Third instar Aadies aegypti (L.) (n=130)
larvae were obtained from a laboratory colony maintained in the Department of
Entomology, University of Alberta. Larvae were fixed in aicoholic Bouin's for 24
paraffin wax (meiting point 58-57°C) (Fisher Scientific Co.), and sectioned at 10
um on a Reichert-Jung rotary microtome. Seria! sections were stained with
aician biue at pH 1.0, 2.5, and 3.2 (Bancroft and Stevens 1990), with aician biue
wzs-mm(smnnim)wmmmmﬂgs—

pataticall MnmmmgUMar:;,jjm
mwhmmammn@rmma
M1M)mbmmumbﬂﬂbrdj;:f iee
(Gonkiﬁ) M;mmmammw

Mmﬂrﬂtjﬂiﬂmmdmmt
fixed, paraffin smbedded, human colon biopey material and 5 um sections of
mmmmlumm&mmm




fed a known diet (B.A. Keddie, personal communication), provided invertebrate
material for comparison of gut content and peritrophic membrane staining
reaction.

Amtammmoﬁghdmmtuhmqunohwﬂm
(Dahi gt al. 1990) was conducted using Daygico® particies (Dayglo Color
Corporation, Cleveland, Ohio). Daygio® particles are chemically inert to aician
biue, Schiff's reagent and to aidehyde fuchsin (unpublished resuits). Fifty 3rd
particulate organic matter, and diatoms, were transferred to a 2 L tank
containing distiled water and a suspension of 0.5 g Daygio® particles. To serve
as a feeding stimuiant (Dadd 1970; Aly 1963), 0.5 g of brewer's yeast was
suspended in 500 mi distiled water, heated to 60°C, allowed to cool to room
temperature, and fitered through a 0.22 um millipore syringe filter. Twenty-five
mi of filtrate were added to the Daygio® tank. The larvae were allowed to feed
Dayglo® particles would have had to originate from the larva and not from an
particles must be due to material of exogenous origin.

Serial sections of all material were examined using a Reichert-Jung
Polyvar photomicroscope and recorded on Kodak Ektachrome T160 colour film.
Wmmmamwwﬂum)
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.4 RESULTS

The results of staining were similar for each species of mosquito
examined uniess otherwise noted (Table I1-2).

Larvae stained with aician blue showed uniformly weak aicianophilia at
pH 0.5 (Fig. li-1) and 3.2 (Fig. I-2) and strong aicianophiiia at pH 2.5 (Fig. 11-3) in
mouthparts (pLPB). Unsclerotized (Fig. II-4 pLPB) and newly-forming cuticle
(Fig. -4 arrowhead) was Schiff's reagent (PAS) positive. Apodemes and
tracheal cuticle exhibited weak to strong aicianophilia (Figs. II-1-4I-3).
Wherever muscie inserted (To), broad bands of material between the muscle
and insertion point were weakly aicianophilic at pH 0.5 and 3.2 and strongly

cianophilic at pH 2.5 (Figs. II-1, II-4). The apolysial space enclosed by the
lateral paiatal brush epidermis posteriorly, laterally and dorsally, the lateral
paiatal pennicular area anteriorly, and epidermis ventrally, contained flocculent
material exhibiting weak aicianophilia at pH 0.5 and 3.2 and strong
aicianophilia at pH 2.5 (Figs. ll-1-11-3). Similar material lying in spaces created
bymhlh.mlndﬁn maxillae, hboohypnphuynx,phaw and

H-5).

mmm(m)mm:,,;f,',jj'anﬂoamﬂ
3.2 and positively alcianophilic at pH 2.5 (Table 11-2, Fig. I-5). The alcianophili
ﬂhwﬁ“nﬁmmwﬁmﬁmmﬂﬂmﬂmih“b
faecal pelist formation in the rectum. The neuropile of the brain (b),
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were weakly aicianophilic at pH 0.5 and 3.2 and mildly aicianophilic at pH 2.8
(Figs. lI-1, 11-2, II-5).

Paired invaginations of epidermis lateral and posterior to the
dorsomentum are here recognized as ventral cephalic glands (Fig. II-1, Vcg).
The lumina of the ventral cephalic glands are continuous with apolysial space
resulting from invagination or apolysis of epidermis lining the dorsomentum,
labiohypopharynx, mandibles and maxillae. Flocculent material in the lumina of
the glands was weakly aicianophilic at pH 0.5 and 3.2 and strongly
alcianophilic at pH 2.5 (Figs. Ii-1, II-2). There was no difference between the
reaction of material in the gland lumen from that between the cuticle and
epidermis of the mouthparts for each pH level used. When stained with PAS,
areas of alcianophilia associated with the ventral cephalic giands were slightly
purple, indicating the presence of neutral glycoconjugates.

Small paired invaginations of epidermis, ventro-medial 10 the Iateral
paiatal brush epidermis, are here recognized as the dorsal cephalic glands
(Dcg) (Fig. I1-1). Flocculent material observed in the lumina of the dorsal
cephalic glands was weakly aicianophilic at pH 0.5 and 3.2 and strongly
aicianophilic at pH 2.5 (Figs. li-1, 11-8). When stained with PAS, areas of
sicianophilia aseociated with the dorsal cephalic giands were slightly purple,
indicating the presence of neutral glycoconjugates. The lumina of the dorsal
cephalic giands are continuous with the apolysial spaces resulting from
apolysis of epidermis of the lateral paiatal and antero-median paiatal brushes.

Gut contents exhibited variable aicianophilia. Material recognizable as
flamentous aigae varied from wealdy o strongly aicianophilic at all pH levels.
Unidentifiable flocculent material (fp) also exhibited variable aicianophilia (Fig.
#-7). Siicious diatom fests remained unstained. There was significant staining
of gut content material by aidehyde fuchein. In particular, the cuter coating or



layer of some aigae and unidentified material stained uniformly purple with
aidehyde fuchsin. A varying reaction to PAS was seen in the gut contents.

Staining results were similar for third instars of Aades aagypti, Asdas
lacked distinct dorsal and ventral cephalic glands (Fig. 11-8). Functional
mouthparts are lacking in the pupal stage 80 no corresponding structures are
required to replace the larval mouthparts. As a result, the enlarged epidermal
areas posterior to the fourth instar mouthparts regress to a level appropriate for
producing pupal structures. Fourth instars of the other species were not
obeerved in fourth instar Aadias aegynti by Fry & Mciver (1960).

Dayglo® particies (Dp) in the fore-, mid-, and hindgut did not stain with
aician biue, aidehyde fuchsin, or Schiff's reagent (Fig. lI-7). There was no
1o Daygio® particies stained variably with aician biue, aidehyde fuchein, or
Schiff's reagent (Fig. Ii-7, fp), not uniike non-Dayglo®-fed larval gut contents. AN
wmmmbmmmm

the moequilo species tested.

microscopy at x1250 of cuticular areas adjacent 10 the dorsal and ventral
cephalic glands falled 10 reveal any recognizable ductule or pore system exiling
into the buoocal cavity.



1.8 Discussion

Alcian biue at varying pH, aidehyde fuchsin, and periodic acid-Schiff's
reagent (PAS), were used to investigate the chemical nature of glycoconjugates
present in the cephalic region of mosquito larvae. Alcianophilia was observed
everywhere new cuticie was forming in the head (Figs. i-1-11-3). PAS positive
reactions in areas of cuticle deposition indicates the presence of neutral
glycoconjugates (Fig. I1-4). Based on the reactions to aician biue at varying pH
levels, it appears that most glycoconjugates in the apolysial spaces formed
between cuticie and apolysed epidermis are weakly-suiphated, with a small
proportion being strongly-sulphated or carboxyisted (Table 1-2).

A significant amount of material in the lumina of the dorsal and ventral
more inteneely than material in spaces resulting from apolysis (Fig. 11-8).
Giycoconjugates in cytoplasmic vesicies may be superconcentrated and
become hydrated only upon discharge (Allen 1983). This might expiain the
from the dorsal and ventral cephalic giands. The absence of a pore or ductule
system 10 deliver glycooconjugates 10 the buccal cavity or pharynx, and the lack
of staining in the gut of the region containing Dayglo® particles indicates that
secretions arising from the dorsal and ventral glands are not used 10 aid particle
oaplure, or handiing of particies by the mouthparts.

Dahl ot al. (1990) reported that material in the foregut of mosquito larvae
exhiblied sicianophilia. This cbeervation is supported by staining cbeerved in
the non-Daygio® fed larvae used in the current study. They made no mention of
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-wmammmmﬂ Domer and Peters (1988) observed
N-8 posamine and N-acetyigalactosamine in peritrophic membranes of
mﬂﬂm MMLMMMM
glycoconjugates often described as mucus (Allen 1983). Numerous other
mmmﬁdmmmnﬂm in the
present study, the peritrophic hi hilia in all larvae
examined (Fig. I-5).

Dahi ot al. (1968) obeerved elongate strings of food being discharged
from culicine larvae overfed with Daygio® particies. They suggested that the
particles were heid together by mucus, but did not indicate the origin of the
mucus. [t is possible the particies were heid together by glycoconjugates of
proocsssing by the larvae, were incorporated into a food siring heid together by
10 feeding systems in inveriebrate communities (Wotton 1990a, b). What role
‘exopolymers’ (a ferm used 10 deecribe flocculent material dissolved in the
waler column, that may or may not ariee from living organiems [Decho &

: R ’”,myhimnl

Jiyoooe ’T;mhmﬁmdhﬂ'cm
ﬁhmmmmmmmmrIi
Al 1902a; Ward gf al. 1900). Some CPOM and FPOM, uncolonized by
microorganisms, may still be sticky due 10 labile sugars costing particle surfaces
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(Wotton 1990b). This mmmwmmdmmmm
for food-bolus formation in the pharynx of mosquito larvae. It follows that the
mmmundmmgmmhmwhmhwmmm
Doonjugates associated with food items (Fig. 11-7). However, several insects
mmmnaﬂnﬂurym presumably for use in feeding,
for example, Paripianeta americana (L.), Locusta migratoria (L.), Apis meliifers
L., Muaca domestica L., and Luciiia cuprina Wied. (Day 1949), Oncopeltus
mwmm ,i;(Vldﬂlml!Km'lm
1973a, 1973b), Aspongopus janus. Laccotrephes maculatus, and Euproctis
acintilans (Verma & Sinha 1960). A lack of alcianophilia in the region of gut
,;_D.yya-mmmnmmnm lycoconjugates
oduced endogenously for use in food capture or handiing. hmm
the enveloping, sieeve-like, peritrophic membrane, fascal material passed out
in peliets remain intact perhaps because of glycoconjugates originating from
rapid traneport of gut contents may also contribute to integrity of fasces
(Clements 1982, Wotton 1988).
nhﬁ-brgmm(wwgn 1990). This phenomenon highlights t
mechaniem of ‘nutrient spiraling’ (Webster & Patten 1979) that may involve
moequito larvas contribuling material 10 a system in a form more aliractive, or
available, 10 other organiems. Additionally, a food resource such as FPOM or
CPOM is repositioned in the habitat by removal from suspension and deposition
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} removed particulate food from the surface layers and

nﬂmummm-mmdm ARernatively, bottom-

feeding aedine larvae may disiodge biofilm or exopolymeric material and
resuspend i in the water column for collector-filterers (Wotton 1990a). In

. sitioning of food resources couid have
, le(Nv‘lﬂﬂ)
hypothesis is required to explain the occurrence of glycoconjugates in the
cephalic apolysial space of mosquito larvae. The glycoconjugates may function
in the moulling process. When deposited in the anterior labral apolysial space,
they may act as a lubricant to faciitate ecdysie. in larvae of Bhodnius prolixus
Stél, abdominal dermal giands are known to secrete a glycoconjugate to aid in
mmmas-mwso) Maﬂvﬂynhmtﬁrﬂlﬂﬂ
mandibles and maxilae are formed, glycoconjugates may act to support these
structures as they develop in the apolysial space. in particular, the iateral
mnmmmmﬂmﬂhmm(m&
m1m)mmmmhhmﬁlmmu
mm&mmmntf;,g stes d
Mﬁmmmmnmm
However, the role of glycoconjugates in lerval development requires further
shudy. mmmﬂmmmnmm
venival caphalic glands remains unknown. The use of precise cytochen
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' standing of their role in larval mosquito develc
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TABLE -1, APPORTIONMENT OF MOSQUITO LARVAER
STAINED WITH ALCIAN BLUE, ALDEHYDE PUCHSIN,
AND PERIODIC ACID-SCHIFF'S REAGENT

Species Stain
pH10 pH25 pH3.2 Fuchsin  Acid-Schiff's

Aades asgypti 10 22 13 12 13

Aadas implicatus 21 11 12
Anopheise sadei 3 5
Culex jerritans 4 6



TABLE 0-2. GLYCOCONJUGATE STAINING IN LARVAR OF ARDES
ARGYPT|, ARDES IMPLICATUS, ANOPHELES EARLEI

AND CULEX TERRITANS
Structure Alcian Bive Aldehyde Periodic
pPHOS5 pH285 pH32 Fuchsin  Acid-Schiff's
Reagent
scler. cut. - - - - -
unecier. cut. + ++ + + +
LPBE apolysial space + ++ + + +
pLP8 + ++ + + +
Dog lumen + +++ + + +
Vog lumen + +++ + + +
per. memb. + ++ + . .
food particles ++4+ +++ ++4+ +++ +++

*; experiments using Daygio® particies were conducied only on larvae of Aedas
aagypti.



Fig. Il-1. Sagittal section through head of third instar Agdas asgypti stained with
alcian blue at pH 0.5. Scale bar = 200 um.

Fig. 11-2. Sagittal section through head of third instar Aedes asgypti larva
stained with aician biue at pH 3.2. Scale bar = 200 um.

Fig. 1I-3. Sagittal section through head of third instar Asdes implicatus stained

Fig. li-4. Transverse section through head of third instar Aades asgypti stained

Fig. II-5. Sagittal section through head and anterior thorax of third instar Aades

Fig. 1I-6. Sagittal section through anterior head of post-teneral, third instar



Fig. II-8. Sagittal section through anterior head of fourth instar of Culex ierritans
stained with aician biue at pH 2.5. Note the reduced cell size and lack of
invagination of the lateral palatal brush epidermis (LPBE). Scale bar = 200 um.
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ill. GLYCOCONJUGATES OF THE G!PHALIG REGION IN LARVAER

.1 SYNOPSIS

Histochemical techniques were used to determine the origin and function
f glycoconjugates in the cephalic region of larval biack fies. Late instars of
mmmmmmw«m“‘
stained with aician blue at pH 0.5, 2.5, and 3.2, aldehyde fuchsin, and Schiff's
reagent to determine the chemical affinities of cephalic glycoconjugates.
stained as above to determine the origin of glycoconjugate Mhhw
mmmhmmm Examination showed that wee '

: stomal, and maxillary epidermis, are not used 1o enhance food
capture or handiing. Instead. it is hypothesized that these glycoconjugates aid
,hﬁnﬂmdmnﬂmmhmmwm

dysis. Glycoconjugsies, previously observed in the gut and on the surface of
hmﬂmwimﬁhdmw 0 be associated with
hmhmuunmmmmmwm




.2 INTRODUCTION

There exists a large body of work describing feeding behaviour and food-
particle capture in simuliid larvae (Chance 1970; Craig 1974; Ross & Craig
1980; Chance & Craig 1966; Braimah 1087; Lacoursibre 1992; Lacoursidre &
Craig 1993). Biack flies have been deecribed as feeding in any of three ways;
collector-filterer, scraper (Cummine 1973), or predator (Currie & Craig 1987).
Collector-fitering simuliid larvae anchor themselves 10 the substrate via a silken
pad (Barr 1964) and alter their posture with respect to ambient flows (Chance &
Craig 1086; Lacoursiére 1992) to expose the labral fans to maximum flow
M(meacmgim) memmwh
wﬂwmﬁmﬂwamm@ﬁmmm&

(Lacoursidre 1mhmmnmmwmmm

mmnmmnmmmmnmm(m

1970). Wotton (1976) reported that colicids as small as 0.001um can be
mmmwmmmmmn

ocourring in both obligate scrapers and collector-fikering larvae (Chance 1970).

Faniess black fiiss, MmdhmMML

off the subsirate using a stout dorsal labral brush and mandibular testh. Currie




(1910), Strickland (1911), Purl (1925), Debot (1932), Grenier (1949), Chance
(1970), and Roes & Craig (1960). Becker (1910) described dorsal and ventral
product was the silk used to construct the pad larvae use to anchor themselves
10 the substrate. This secretion product was argued to be different from silk
undmmm-pmmunﬁmﬂlnﬁhmmmnﬂvm
Strickland (1911), identifying the dorsal glands in larvae of Simulium
hittiges (Fries) as Wm wlﬁl‘! tﬂd&y’m
removing food from the labral fans. There was no mention of a ventiral gland.
Puri (1925) described dorsal glands in Simulium noslier Friederichs.

wmwlﬁ xplanati
no mention of a ventral gland.
nrupm. mwmmmummhmnn
%, much like Stickiand’s deecription of the gland exit. The ventral

m“hmﬁhivhgnoﬁ. Other than the paper’s tille and figure
captions, there is no mention of structure or function of the glands, or their

In a work on filler-leeding in Simulium by Fortner (1637), the dorsal
mmnmnnmwhmm;-
tation of a whole-mount of the head from the dorsal aspect, and as
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“salivary glands® in her figure 4, a dorsal sagittal section of the head. No

Grenier (1949) also described both dorsal and ventral cephalic glands in
ducts were minuscule and extremely difficult to prepare for others to identify.
described by Debot, lacked an opening to the cibarial cavity and were
presumed to secrete an elastic cuticle 10 aid the movement of the prementum
similar t0 that produced by what he described as giandular tissue present in the
(Grenier 1949). But the tissue he identified as glandular in the anal diek is an
invagination of the epidermis 10 facilitate production of the anal hooks and s not
glandular (Fry, pers. obs.).

Grenier reported that the contents of both the dorsal and ventral cephalic
glands stained positively with Akmann's stain, a mbxure of aniline and acid

Chance (1970) describes “dorsal and ventral” glands in Simulium
ilﬁlhﬁ“ﬁmmm
ﬂ““hﬂ“ﬁ“hﬁdmhhﬂ:
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particle capture. ﬁwmnﬂhtlmmmmmim
onto the labral fans to aid in particie capture. To further confuse the matter,
Crosskey (1990), in reporting on the work of Ross and Craig, figured the dorsal
glands and labeled them as "labral® glands (cf. Fig. 7.1(a)).
Pﬂﬁdéﬁﬂliﬂdmmﬁmmﬁmmwﬁhajiwhwn

,,,,,*,,*;'mmhmmmmm(m;u
1988; Dahl ot al. 1990; Fry & Mciver 1990). Recent work has shown that newly-
described dorsal and ventral cephalic giands, different from those described by
Meriit and Craig, secrete a glycoconjugate which may serve a role in the
structures and feeding system (Wood 1978), and taxonomy (Wood & Borkent
1980), & is reasonable 10 assume that the dorsal and ventral cephalic glands
hMﬂmmﬂmhmmnMw
gnglhl\bpmhdmh stochen determine the origin and function of
njugate hhmmﬂmmﬁh

capture (Jergensen of al. 1984), or lubrication (Clamp st al. 1978; Denny &
Gosline 1960). Because the function of the 80 called mucus in biackfly larves is




.3 MATERIALS AND METHODS
late instars of Gymnopais dichapticoides Wood were collected from a seep
emanating from glacial runoff from Angel Glacier, Jasper National Park, Alberta
dichopticoidas was examined to test whether glycoconjugates function also in
Mmmmmwmmmmm

mmm-mmm,mmW
paraffin wax (meling point 58-57°C) (Fisher Scientific Co.), and sectioned at 10
um on a Reichert-Jung rotary microtome. Serial sections were stained with
aician biue at pH 1.0, 2.5, and 3.2 (Bancroft and Stevens 1990), with sician biue
periodic acid-Schiff's reagent (Mowry 1963)(Table Ili-1). Alcian biue

petatically binds to polyanions bearing sulphate or carboxyl groups
mﬂqmnmmdnmmmmn
Stevens 1900), and is widely accepted as an indicator of glycooconj !
(Cook 1982). Schiff's reagent, which binds to neutral fle
periodic acid treatment, and aldshyde fuchsin, mmam
glyococonjugates, complement alcian biue staining by competing for binding
Mmmmnmmmm-lwu
MEhmﬂﬂﬁmmeIM‘




A test to determine the origin of glycoconjugates in larval blackfly gut
Cleveland, Ohio). Daygio® particies are chemically inert to aician biue, Schiff's
reagent and to aldehyde fuchsin (unpublished results). Fifty late instars of S,
containing aigae, bacteria, fine particulate and dissolved organic matter, and
diatoms, were transferred to a circular 2 L tank (Craig 1977) containing distiled
water and a suspension of
0.5 g of Daygio® particies. Flow was maintained using a magnetic stir bar
To serve as a feeding stimulant (Dadd 1970; Aly 1983), 0.5 g of brewer’s yeast
was suspended in 500 mi distilled water, heated to 60°C, allowed 10 cool %0
room temperature, and filtered through a 0.22 um millipore syringe filler.
Twenty-five mi of fitrate were added to the Dayglo® tank. The larvae were
allowed to feed on Daygio® particies for 20 minutes and were then processed
and stained as above (Table I1i-1). Any staining cbeerved in the region of the
Qut containing Daygio® particies would have had 10 originate from within the
in the region of the gut containing Daygio® particies, then staining in the region
without Daygio® particies must be due 10 material of exogenous origin.

Specimens examined under a Cambridge 8150 scanning electron
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7 ) and recorded on Kodak Ektachrome T160

ical terms follow those of Harbach and Knight (1980).



.4 RESULTS

(Table I-2).
PH 0.5 (Fig. lli-1) and 3.2 (Fig. 11i-2) and strong aicianophilia at pH 2.5 (Fig. Ii(-3)
in newly-deposited, unecierotized cuticle throughout the head capsule and
mouthparts (for example pLF). Newily-forming cuticle (Fig. Iii-4 pLB) was
periodic acid-Schiff's reagent (PAS) positive. Apodemes and tracheal cuticle
sxhibited weak to strong aicianophilia. Wherever muscle inserted (To), broad
aicianophilic at pH 0.5 and 3.2, strongly aicianophilic at pH 2.5, and PAS
positive (Figs. 111-3, lil-4). The apolysial space enclosed by the labral fan
epidermis posteriorly, laterally and dorsally, the fan stem and labral fan
anteriorly, and epidermis ventrally contained flocculent material exhibiting week
alcianophilia at pH 0.5 and 3.2 and strong aicianophilia at pH 2.5 (Figs. Hi-1--
J). mmmhﬁmmmmhﬁm
m wmmmm-.mmnm
color wherever aician biue pH 2.5 staining was cbeerved in other sections. This
m“wnmmmmmhm
\ . Unfortunately, the dark staining by aldshyde fuchein mesked
wmuﬁmuﬂnmg;fi
‘ﬂumm(ﬂmu—wﬂymdwﬂjﬁ
3.2 and positively alolanophilic at pH 2.5 (Table M-2, Figs. l-1-1-3). The
alclanophilia of the peritrophic membrane was uniform from point of secretion at
the midgut 1o fascal peliet formation in the rectum. The asuroplle of the brain




(b), subassophageal gangiion (8g), thoracic gangiia, and the ventral nerve cord
were weakly aicianophilic at pH 0.5 and 3.2 and miidly aicianophilic at pH 2.5
(Figs. Hi-1-11-3).

Paired invaginations of epidermis iateral and posterior to the hypostoma
are here redescribed as ventral cephalic giande (Figs. Ili-1, IIl-3, Vog). The
WMWHWdMH hgthohypeﬂaml

pharynx, mandibles and maxiliae. Flocculent material in the lumina of
hmwumiiii:**” at pH 0.5 and 3.2 and strongly
clanophilic at pH 2.5 (Fige. Ili-1, 11l-3). There was no difference between the
reaction of material ir. mmmmmnmmma
the mouthparts at each pH level used. When stained with PAS, areas of
alcianophilia associated with the ventral cephalic giands were slightly purple,
indicating the presence of neutral glyooconjugates.

Smell peired invaginations of epidermis, ventro-medial 10 the labral fan
epidermis, are here redescribed as the dorsal cephalic glands (Figs. Iil-1-Hi-4,
was wealdy alolanc ””inpuosms.zmmmdwzs
(Figs. Hi-1-01-3). When stained with PAS, areas of sicianophiia asscciated with
nmwmmm indicating the presence of neutral

ugates. However, the material in the apolysial spaces was more
WMhEMﬂEMWMWMﬁH)
ﬁnunnﬂnmmmnmﬂnw
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fuchein. In particular, the outer coating or layer of some aigae and unidentified
material stained uniformly purple with aldehyde fuctisin. A varying reaction to
PAS was seen in the gut contents.

Daygio® particies (Dp) in the fore-, mid-, and hindgut did not stain with
alcian biue, aldehyde fuchein, or Schiff's reagent (Fig. 111-8). There was no
staining evident between the particies. Material in the gut posterior to Daygio®
particies stained variably with aician biue, aldehyde fuchsin, or Schiff's reagent
(Fig. I1i-8, fp), similar to the stain reaction of gut contents of non-Daygio®-fed
larvae . ANl other structures reacted similarly 10 non-Daygio® fed larvae.

Gobiet celis in the human colon specimens reacted positively 1o aician
biue at pH 0.5, 2.5, and 3.2. Some gut contents and the entire peritrophic
membrane of 1. ni reacted positively to aician biue in 8 manner similar to that of
the black fly species tested.
microscopy at x1250 and by scanning electron microscopy at x28,000 of
outicular areas adjacent to the dorsal and ventral cephalic glands falled t0



1.6 DISCUSSION

Alcian biue at varying pH, aidehyde fuchsin, and Schiff's reagent, were
used to investigate the chemical nature of glycoconjugates present in the
oephalic region of blackfly larvae. Alcianophilia was ocbeerved at sites of cuticle
deposition (Figs. lil-1-11i-8). A positive reaction to PAS in areas of cuticle
deposition was indicative of neutral glyoooonjugates (Fig. Iii-5). Based on
reaction to aician blue at varying pH levels, it appears that glycoconjugates in
the apolysial spaces formed between cuticle and apolysed epidermis are
weakly-suiphated, with some material being strongly-suiphated or carboxylated
(Table i11-2).

Matarial in the lumina of the dorsal and veniral cephalic giands exhibited
strong aicianophilia and stained more inteneely than material in the apolysial
spaces. Glycoconjugates in cytopiasmic vesicies may be superoonoentrated
and become progressively hydrated and diffuse after discharge from the cell
(Allen 1963). This might explain the difference in staining intensity between the
dorsal and ventral cephaiic gland lumina and the apolysial spaces.

The processes resulting in formation of the mouthparts, and especially
the labral tans in simuliids and lateral palatal brushes in culicids, are
eatraordinary (Craig 1974; Fry & Mciver 1900; see Ch. |l for a more detalled
explanation of moulting in culicids). immediately following ecdysis, in all inetars
except the last, the epidermis underlying labral structures apolyses from the
cuticle 10 allow for formation of the labral structures of the following instar. This
is in striking contrast 10 the late stadium apolysis of non-elaborated ocutiole such
as that of the head capsule and thoracic and abdominal sclerfies. In simuliid
larvae, a large apolysial space develops between the labral cuticle and the
apex of the epidermal celis. This space, flled with material of unknown origin
and funcilion, is continuous with that between the head capeuls and epidermis



throughout the head. Similarly, apolysial spaces develop in the mandibles and
maxiliae.

Material found in the apolysial spaces may arise from the dorsal and
ventral cephalic glands. The lumina of the cephalic glands are continuous with
these spaces. Further, the absence of a pore or ductule system for

rcoconjugates to exit to the cibarial cavity or pharynx, and the lack of staining
in the gut region containing Daygio® particies indicates that material arising
from the dorsal and ventral glands is not used to aid particle capture or
handiing.

Exopolymers associated with microorganisms (Decho & Moriarty 1990)
or flooculent dissoived organic matter may be sources of glycoconjug
mhmﬂmﬂwﬂmdm@-mmhm
organic matter (CPOM and FPOM, respectively) (Merritt of al. 1992b; Ward of al.
1990). A similar phenomenon appears (0 occur with ultrafine particulate
organic matter (UPOM) (0.45 - 50 um), the particle size range collected |
flies (Lacoursiére & Craig 1993). Some CPOM and FPOM, uncoloni
mmymﬂmmnmmmmm
im).mmmnﬁy This apparent sel-agg bor ¢
w&dmymuﬂlththhMﬂWd
simuliids. It follows that the alcianc a of gl
is now highly likely due to glyco 't:mmmm(mm-
e). mn&af,:,",,,'***mhmﬁmmwm
mmﬁl ting from food material, in addition 10 the
enveloping, sleeve-ik mm wmmmmm
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absorption of nutrients, and rapid transport of gut contents may aiso contribute
to preserving the integrity of fascal peliets (Clements 1992; Wotton 1988).

Food-particie size is altered during feeding by biackfly larvas. UPOM
and FPOM is incorporated into larger fascal peliets which may be more suitable
for grazers or other coliector-fiterers (Ward et al. 1980). Food size alteration is
an exampie of one mechanism of ‘nutrient spiraling’ (Webster & Patten 1979)
that may involve simuliid larvae reintroducing food to the ecosystem in a form
more attractive or available to other organisms.

Collector-fiterers, such as simuliids, may be instrumental in retaining
seston which sediments out very siowty (McCuliough et al. 1979). Morin af al.
(1968) reported an 8.7% drop of seston downstream of black flies at a lake
outiet. Merritt of al. (1992a) reported that Anapheies quadrimaculatus removes
particuiate food from the surface layers and incorporates & into a downward-
directed lameliate plume of water. Allematively, bottom-feeding aedine larvae
may disiodge biofiim or exopolymeric material and resuspend i in the waler
column for collector-filterers (Wotton 1990b).

in confined or restricted habitats, repositioning food resources may have
a significant impact on intraspecific competition (Aly 1968). Coprophagy, elther
directly by grazing or indirectly by intercepting resuspended fascel peliets may
modify larval distribution in the microhabitat. However, Ciborowski and Cralg
(1960) found larval spacing 10 be unafiected by food avallability except at low
food concentrations when lateral alignment of the larvae was obeerved.

There is no apparent role for endogenously produced glyocooonjugates in
food capture or handiling in colisctor-fillerer simullid larvae. Additionally,
glyocooconjugatos arising from dorsal and ventral cephalic glands are present in
Q. dichopiicoidas. an obligate soraper. There should be a funciion common 10
both collector-fierers and obligate scrapers for the ssoretinn product of the
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oephalic glands. Therefore, an altemative hypothesis is required 1o explain the
mdwmmmmmwmwwmmmuem
in simuliids.

The glycoconjugates observed may function in the moulting process.
Glycoconjugates may act to support the anteromedian palatal brush in
Gymnapais, labral fan in Simulium, and the various brushes and setae of the
mandibles and maxiliae in both as theee structures develop in the large
apolysial space. In particular, the labral fan is a relatively long structure that
develops inside the head capsule but outside the epidermis and requires
support during each larval stadium. For such a large structure to be supported
and possibly immobilized during its development, the fiuid filing the apolysial
space, comprised in part of glycoconjugates, would have to exhibit qualities
similar to that of an extraceliuiar matrix. The glycoconjugates observed may be
a form of extraceliular matrix where the local environment surrounding
developing labral fan rays could be of a highly ordered state 10 facilitate growth
of the fan ray and deposition of cuticle. The disturbance or possible contact
between rays resulting from normal feeding activity where hydrostatic pressure
is exploited to adduct the labral fans could be ameliorated by such a viscous
medium characteristic of glycoconjugate-dominated fluids.

The apolysial space is filled and it seems uniikely 10 be an extemnal fluid
or hasmolymph. To have the apoiysial space filled from the extemal
environment would risk infection by bacleria, viruses or parasites. Additionally,
no pore or duct system was cbeerved 10 allow passage of fuid from the extemnal
environment into the apolysial space. The dorsal cephel: glands may be the
source of glycoconjugates which provide the support. Similarly, the ventral
cephalic glands may supply the material filling apolysial spaces sssociated with
the veniral mouthparts. The reduced size of thees glands, compared 10 the
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Resuits from identical tests on several species of mosquitoes were
similar to those found for §. vitlatum and G. dichopticoidas (see Chapter Ii).
Although moequitoes inhabit stil waters, many of the same challenges are
solutions to a common problem, that of accomodating development of elaborate
cephalic structures, lends support to the hypothesis presented to explain the
feeding by larval black files has now been refuted, their role in larval
development requires further study. The preciee composition of
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TABLE II-1. APPORTIONMENT OF BLACK FLY LARVAE STAINED
WITH ALCIAN BLUE, ALDEHYDE FUCHSIN, AND PERIODIC ACID-
SCHIFF'S REAGENT
Species Stain
Alcian Blue Aldehyde Periodic
pPH10 pH25 pH32 Fuchsin Acid-Schiff's
e _ . Reagent

yittatum 20 19 10 19 12
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TABLE lil-2. GLYCOCONJUGATE STAINING IN LARVAE OF
SIMULIUM VITTATUM AND GYMNOPAIS DICHOPTICOIDES

Structure Aician blue Aldehyde  Periodic
pHO5 pH25 PpH32 Fuchsin Acid-Schiff's
Reagent
scler. cut. - - - - -
unscler. cut. + ++ + + +
LF apolysial space + ++ + + +
pLF + ++ + + +
Dcg lumen + +++ + + +
Vcg lumen + +4++ + + +
per. memb. + ++ + - .
Dayglo® particles* - - - - -
food particles +++ +++ ++4+ +4++ +4+4+

*; experiments using Dayglo® particles were conducted only on larvae of S.
vittatum.



Fig. lli-1. Longitudinal section through the head and anterior segment of thorax
of a third instar Gymnopais dichopticoides stained with alcian biue at pH 0.5.
Scale bar = 100 um.

Fig. IN-2. Horizontal section through the head and anterior two segments of the
thorax of a third instar Simulium vittatum stained with alcian blue at pH 3.2.
Scale bar = 100 um.

Fig. I1-3. Longitudinal section through the head and anterior two segments of
thorax of a third instar Simulium vittatum stained with alcian blue at pH 2.5.
Scale bar = 50 um.

Fig. lll-4. Longitudinal section through the head of a third instar Gymnopai
dichopticoides staned with alcian blue at pH 2.5 and periodic acid-Schiff's

reagent. Scale bar = 10 um.

Fig. I1-5. Longitudinal section through the head of a third instar Simulium
vittatum stained with aician biue at pH 2.5 and periodic acid-Schiff's reagent.
Scale bar = 10 um.

Fig. lIl-8. Longitudinal section through the midgut of a third instar Simulium
vittatum stained with aician biue at pH 2.5. Note that the food particies (fp) and
peritrophic membrane (pm) are aicianophilic and the Daygio® particles (Dp)
and midgut epidermis (ME) are not. Scale bar = 10 um.
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IV A PRELIMINARY STUDY OF THE CEPHALIC REGION OF AEDES
AEGYPTI (L.) LARVAE (DIPTERA: CULICIDAE) USING LECTINS

IV.1 SYNOPSIS

Lectins derived from Triticum vulgaris or wheat germ agglutinin (WGA)
specific for N-acetyl-B-D-glucosamine, Bandeiraea simplicifolia (BS l)specific
for a-D-Galactose, Sophora japonica (SJA) specific for N-acetyl--D-galactose,
Bisum sativum (PSA) specific for a-D-mannose, and Ulex europaeus (UEA I)
specific for a-L-fucose were used to determine the composition of the secretion
product arising from the dorsal and ventral cephalic glands in larvae of Aedes
asgypti (L.). With the exception of PSA, none of the lectins bound to the
secretion product or glands. Both globular and elongate cells in the ventral
cephalic gland bound PSA, indicating the presence of a-mannose. Agglutinin
from Bandeirasa simplicifolia bound to the lateral palatal pennicular area, the
dorsal surface of the hypostome, the bases of large brush-like structures on the

lo-omedial palatum and maxilae. This reaction may indicate the presence of
resilin. Aggiutinin from Triticum vuigaris bound to unsclerotized cuticle
throughout the head.
digestion techniques, may yield greater resolution of the secretion product.




IV.2 INTRODUCTION
Lectins have been used to detect glycoconjugates in several different
tissues in many taxa (Goldstein & Hayes 1978; Sharon & Lis 1989). A lectin's
affinity for highly specific binding to a substrate potentially affords extreme

with different substrate specificities.

In an investigation of feeding systems in larval culicids and swwaiids (Fry,
in manus), the dorsal and ventral cephalic glands secretion product, and
associated material in mouthpart apolysial spaces, reacted positively to
carbohydrate staining techniques. The secretion product was hypothesized to
serve a function in moulting instead of use in food-particle capture or
manipulation as suggested by Merritt and Craig (1987). To acquire greater
insight into the role of the gland material a more detailed description of the

The purpose of this study was to determine, in a preliminary manner and
using lectins of different specificities, the carbohydrate content of secretion
products of the dorsal and ventral cephalic glands and of material found in
mouthpart apolysial spaces.



V.3 MATERIALS AND METHEDS

Third instar Aedos aegypli (L ver ~d trem a laboratory colony
maintained in the Department of Ere~— .,  ~ers#y of Alberta. Larvae
were fixed in aqueous Bouin's for 24 hours, dehydrated in a graded ethanol
series, embedded in TissuePrep® =araffin wax (mefting point 56-57°C) (Fisher
Scientific Co.), and sectioned at * um on s Seshert-Jung rotary microtome.
Aqueous Bouin's was used as the xa* - to preserve continuity in specimen
reactivity between specimens anatyred as described in chapters Il and Ill and to
strike a compromise between preserving substrate reactivity and preservation of

Larval material was stained with one of 5 lectin solutions (Table IV-1):

1. Agglutinin derived from Triticum yulgaris, also known as wheat germ
aggiutinin (WGA), conjugated to fiuorescein isothiocyanate (green at 525nm)
(FITE) with specificity for N!aedyl—B-D—ﬁlm (BiGIeNAe) (Alen ot al.

2. Agglutinin derived from mmm(as 1) conjugated to
tetramethyirhodamine isothiocyanate (red at 710nm) (TRITC) with specificity for
a-D-Galactose (a-Gal) and N-acetyl-a-D-galactosamine (a-GaiNAc) (Hayes &
Goldstein 1974). a-GaiNAc is one anomeric form of N-acetyl-D-galactosamine.

3. Agglutinin derived from Saphora iaponica (SJA-FITC) with specificity
for N-acetyl-B-D-galactose (B-GaiNAc) (Wu gt al. 1981). P-GaiNAC is a common
constituent of vertebrate mucus (Clamp et al. 1978)

D-mannoee (a-Man) (Van Wauwe et al. 1975). a-Man has been associated

5. Agglutinin derived from Liiax suronaeus (UEA I-FITC) with specificlty
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for a-L-fucose (a-Fuc) (Matsumoto & Osawa 1969). a-Fuc has been associated
with mucus (Spicer & Schulte 1992).

All lectins were prepared in tris-HCI buffer (pH 7.2) containing sodium
chloride, magnesium chloride, calcium chioride, and manganese chloride to
enhance binding of lectin to the substrate (Mauchamp & Schrével 1977), and
Triton X-100 detergent to reduce non-specific hydrophobic binding. Lectins
were used at a final concentration of 10 ug/mi.

Biopsy sampies of human colon, prepared as above, were used for
controls (Clamp ot al. 1981). Additionally, lectins were incubated in 10,000
ug/mi of the appropriate substrate for 1 hr prior to staining insect material as a
test of substrate specificity (Table IV-1). Substrates userd were: N-acetyi-D-
glucosamine for WGA, D(+)-galactose for BS |, N-acetyl-D-galactosamine for
SJA, D(+)-mannose for PSA, and a-L(-)-fucose for UEA I. All lectins and
substrates were obtained from Sigma® Chemical Co., St. Louis.

Sections were viewed on a Polyvar fluorescence photomicroscope and
recorded on Kodak Ektachrome 400HC color slide film. Larval structure
nomenciature follows that of Harbach and Knight (1980).



IV.4 RESULTS

Results for A. aegypti are summarized in Table IV-2.
With WGA, posmva zt:ining of newly deposited unsclerotized cuticle of

area (a reticulated area of cuticle dorsal to the lateral palatal brush)i
anteromedian palatal brush, and ventral mouthparts was observed (Fig. IV-1).
Tracheoles a:d the torma aiso reacted positively to WGA. However, the torma
(the apodeme upon which the labral adductor muscles insert), tracheoles,
pharate epipharyngeal, and pharate pharyngeal cuticle remained positive after
staining with substrate-incubated WGA (Fig. IV-2). Additionally, the lateral
palatal pennicular area and anteromedian palatal brush stained only weakly
with substrate-incubated WGA. Pharate head capsule cuticle reacted weakly to
substrate-incubated WGA.

BS | stained positively the base of the epipharynx, the fold of cuticle
between the mandibles and maxillae, tracheoles, and the doiso-proximal
surl ' » of the hypostome (H) (Fig. IV-3). The lateral palatal pennicular area
(LPPA), torma, pharynx, maxillary brush base (MxBr), and apex of the lateral
Palatal brush filaments (LPB) also reacted to BS | (Fig. IV-4). Only the pharynx
reacted to substrate-incubated BS | (Fig. IV-5, arrowhead).

Mmmmmmdwmw%(ﬁ Iv-8).

trate-incubated SJA bound to the pharate head caspsule (C) and
memmﬁ_Mdnmmm
brush (pLPB) (Fig. IV-7).

PSA reacted positively to large round celis located basally, and elongate
rrowed celis located apically within the ventral cephalic gland tiseue
(Vq) ﬁ. IV-8). No other structures stained positively with PSA. A significant




reduction in staining of the celis in the ventral cephalic giand area was seen in

substrate-incubated PSA sections (Fig. I1V-9).

With UEA |, the only structure to show a positive resuit was the torma (To)
and this reaction was negligible to weakly positive in intensity (Fig. IV-10). As
with SJA, pharate head capsu's (C) and pharyngeal cuticle, and cuticle ventral
to the LPB reacted positively to substrate-incubated UEA | (Fig. IV-11),

The salivary duct contents (Fig. IV-1, sd) were autofiuorescent in all

treatments and controls.
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IV.5 DISCUSSION

Specific lectins were used to investigate the chemical nature of material
secreted from dorsal and ventral cephalic glands in larval mosquitoes. The
lectins used have different specificities including those for sugar moieties
common to cuticle, N-acetyl-glucosamine, and mucus, N-acetyl-galactosamine.
With the exception of PSA, none of the lectins bound to material associated with
the glands (Table IV-2), therefore it may be assumed that the secretion product
of the dorsal and ventral cephalic glands is not composed of B-GicNAc, a-
GaiNAc, B-GaINAc, a-Gal, or a-Fuc.

IV-1) than did the substrate-incubated lectin. Ddmer & Peters (1968) reported
on the binding of WGA to chitin in the peritrophic membrar.e of mosquito and
black fly larvae . The binding by WGA was expected since chitin is a polymer
comprised of N-ac lucosamine. Binding by the substrate-incubated lectin
mdﬂMthmmﬁbW&(w&Sﬁvﬁﬂ
1977). No binding of tanned cuticle was cbserved so sclerotization must render
B-GicNAc unreactive to WGA.

binding (Fig. IV-3, 4). It appears there is a peculiar specificity for sites where
mdmﬂh Resilin is an elastic material consi *dmmm
are not sclerotized, WMhmM(M‘Iﬁ) Whitten
(1972) suggested that resilin may be present in tracheoies. The basal area of
large cuticular structures, such as the maxillary brush, epipharynx, pharyngeal
ﬁholmdLFB mhuﬂmmmmmﬁ,,i"""'
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Both SJA and UEA | failed to bind to any structures or material in the
larval head (Figs. IV-6, 10). N-acetyl-galactose and fucose are apparently not
present or were unreactive under the conditions of staining. The lack of p-
GaiNAc, a common constituent of human mucus (Clamp et al. 1978) supports
the hypothesis that the secretion product of the dorsal and ventral glands is not
involved in particle capture or handiing (Fry, in manus).

The reaction of celis in the ventral gland to PSA (Fig. IV-8) indicates the
presence of a-Man. No reaction to PSA was observed in the dorsal cephalic
gland, ﬁbmmmmlmmmucmmm
be investigated further. Clamp ef al. (1931)mmmmurwn
compounds such as mannose may form cross-links with other glycoco )
WMWMMNM Pcﬂupomluﬁ’cnh
gland may determine composition. Aematively, the a-Man may be altered
prior to secretion 80 as to be unreactive to PSA outside of the cytopias
spaces reacted positively to aician biue (Fry, in manus). Why material that is
detectable by a well-established stain for carbohydrates fails to be detectable
by the lectins used in this study may be due 0 several reasons. The material
may be composed of anomers of the sugars tested for, for example B-Man or a-
GicNAc. The secretion product may have been rendered unreactive 10 the
lecting by the fixative used. Aematively, the material may be bound to a

A more thorough analysis, using several more lectine with various
specificities, and digestion techniques 10 free up potentially bound reactive
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chemical nature of the secretion product is better known, understanding of its
role in moulting will be limited.
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TABLE (V-1. APPORTIONMENT OF LARVAE OF
AEDES AEGYPT| STAINED WITH LECTINS

Staining

Solution

Number of

E

WGA

WGA + N-acetyl-D-Glucosamine
BS | '

BS | + D(+)-Galactose

SJA

SJA + N-acetyl-D-Galactosamine
PSA

PSA + D(+)-Mannose

VEAI

UEA | + a-L(-)-Fucose

Tris buffer

@ N N N NN DN OGN S



TABLE IV-2. LECTIN-BINDING IN THE CEPHALIC REGION OF
LARVAE OF AEDES AEGYPT| (L)
Structure Lectin (sugar specificity)
WGA BS| SJA PSA UEAI
(B-GicNAc) (a-Gal) (B-GaINAc) (a-Man) (a-Fuc)
(a-GaiNAc) _ —

LPPA + ++ - - -

Veg - - - ++ .
*: positive reactions recorded are those after subtraction of control staining in



Fig. IV-1. Sagittal section through head of third instar Aedes aegypti stained
with WGA-FITC. Scale bar = 20 um.

Fig. IV-2. Sagittal section through head of third instar Aedes aegypti stained
with N-acetyl-D-glucosamine-incubated WGA-FITC. Scale bar = 50 um.

Fig. IV-3. Sagittal section through head of third instar Aedes aegypti stained
with BS I-TRITC. Scale bar = 50 um.

Fig. IV-4. Sagittal section through head of third instar Aedes aegypli stained
with BS I-TRITC. Scale bar = 20 um.

with D(+)-galactose-incubated BS I-TRITC. Note that only the pharyngeal fringe
(arrowhead) shows a weak positive reaction. Scale bar = 20 um.

with SJA-FITC. Note that only the pharynx (Pha) is positive. Scale bar = 50 um.






Fig. IV-7. Sagittal section through head of third instar Asdes aegypti stained
with N-acetyl-D-galactosamine-incubated SJA-FITC. Scale bar = 50 um.

Fig. IV-8. Sagittal section through head of third instar Aedes aegypti stained
with PSA-TRITC. Note the colis in the ventral cephalic gland (Vcg). Scale bar =

Fig. IV-9. Sagittal section through head of third instar Aedes asgypti stained
with D(+)-mannose-incubated PSA-TRITC. Note the lack of staining of cells in
the ventral cephalic gland (Vcg). Scale bar = 50 um.

with UEA |-FITC. Note the positive reaction of the torma (To). Scale bar = 50

with L(-)-fucose-incubated UEA I-FITC. Scale bar = 50 um.
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V GENERAL CONCLUSIONS

Efforts to understand the precise mechanism of feeding in black fly and
mosquito larvae are beginning to branch out from classical analysis of structure
to investigating physical and behavioural systems. The thrust of this project was
to focus on physico-chemical influences in food-particle capture and handiing.
it has been found that endogenously produced glycoconjugates are not used to
aid in food-particle cagture or handling. Instead, the role of dissolved organic
matter, glycoconjugates of plankionic origin, and the potentially self-
considered when modeling food-particie capture in filter-feeding organisms.

Specifically, dissolved organic matter may be significantly more labile than
originally believed. This fact has serious implications in evaluating feeding
efficacy and in determining available nutrient resources in aquatic habitats.
the dorsal and ventral glands in larval culicids and simuliids falsified, an
altemative hypothesis was required to expiain the presence of well-developed
glandular tissue in the cephalic region and fluid in large apolysial spaces

The development of larval culicid and simuliid mouthparts, the elaborate
labrum in particular, is uniike that of head capsule cuticle or thoracic and
very early apolysis of the epidermis 1o facilitate development during the larval
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in the case of the labrum, as an effector for the haemocoelic hydrostatic
skeleton to achieve adduction of the labral fans or brushes. There are no direct
adductor muscies associated with the labral structures and it is believed that
action of the haemocoel is the cause of adduction (Crosskey 1990). It is
commonpiace to cause the adduction of both culicid and simuliid labral
structures by applying pressure to the abdomen or especially the thorax (K. Fry
and others, unpublished results). The fluid may be viscous enough to provide a
stable microenvironment around developing mouthparts as well as to protect
the mouthparts from displacement or mechanical damage during development.
Therefore, a develc mental role for the secretion product of the cephalic glands
may be related to the moulting process. The cephalic giand secretion product is
MEMMdhmMﬁhmw
uthparts. In particular, the complex development of lateral palatal brush
filaments in Aedes aagypti larvae proceeds by apical extension of the lateral
palatal brush epidermal cells to form the pharate lateral palatal brush (Fry &
Efforts to determine the precise chemical composition beyond cisssical
material is not comprised of sugars common to cuticle or vertebrate mucus as
might be expected. Significantly more work is required to adequately determine
Perhaps with an idea as 10 its make-up, a better understands D of ks role in the
As mentioned in the introduction, diverse avenuss of investigatic
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be followed to finally elucidate the pertinent features of filter-feeding in aquatic
larvae. With a greater understanding of an organism’s habits, it should be
possibie to tailor control measures to impact only the target, with no effect on
non-target organisms. To achieve this environmentally responsible goal,
research htalllnmafmcbblagydmmbluyhpoﬂm:ﬁdmuﬁ
species should be supported.
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APPENDIX | FORMULAE FOR CHEMICAL SOLUTIONS

1. 0.2% Sodium Acetate

0.2 M hydrochionic adid......................ccc.... veressssssaes .40 100 mi




conc. hydrochloric &CHd................cccceeevrennnrneneresnnnssssensnns =1ml
¢ add conc. hydrochloric acid to pH 0.8
7. Aician Bilue pH 2.5
alcian blue 8GX C.I. 74240...................corvrverrerrrrerrncernne 19
QIBCIAI BCOUC BCHT ........oooveeeecerresraseniecsenseassssessessasasaes ~3ml
OUNOA WBLBK.................c.cocvirrerererenncsnssssesesessaseseans 97 mi
* add glacial acetic acid to pH 2.5
8. Alcian Biue pH 3.2
alcian blue 8GX C.I. 74240...............cccoooveennrrrrreessssssssen 19
0.5% acetic acid...... to 100 mi
QIacial aCOC BCId ................c.ccvevervrerrsrcnnenrencsesssassnnes =1mi
* add giacial acetic acid to pH 3.2
9. Alcoholic Bouin Fixative (Humason 1972)
BOW GINBNOL................cocooneerrrrerincanerereeiensnessessssesssssnsssases 150 mi
OIMBNN...........oirtrrrrrrrecensnsssessasesssssessnssassrsnssessasses 60 mi
QIaCiBl BOBUC AL .................coovererrerrersnnnnssssssssssnsasssns 1Smil
PICTIC ACIACIYBMBIB. ..................conrrrecrerincencnnenecsenenenesssanns 19
10. Aldehyde Fuchsin (Spicer of al. 1962)
pararosaniine C.|. 42800. 19
0% ethanol. 97 mi
conc. hydrochloric acid iml
peralormaidehyde 2mi

chiorolorm

80 mi
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conc. hydrochloric 8CHd.............c.eeevvnreneriernrnnessnessssensneenss | M
* dissoive pararosaniiine in 60% ethanol
* add conc. hydrochioric acid and paraformaidehyde
* lot solution sit for 3-4 days
* add solution to 50 mi chioroform and 200 mi distilled water in a
separating funnel, agitate, and aliow precipitate to settle
* dry at 50°C and store in a stoppered bottie
* for use, add 0.5 g of dried material to 99 mi 70% ethanol and 1 mi

* yields 20 mg/mi of sugar base
o dilute 1:1 with lectin solution 10 yield 10 mg/mi sugar base

neulral red C.I. 80040................eoeeeeeeeeninenannene 08¢
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* dissoive pararosaniline in distiled water that has been brought to
* aliow to cool to 50°C

ovemight at room temperature in the dark

store in the dark at 4°C

dislilied watey............ sessssssnsasssssssessasesesesssesssesmesnns 0 100 mi
o yialds 0.5 M Tris, 1.5 M NaCl, and 10 mM salls
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* salts were added to the buffer to enhance binding of lectins to
substrate
* detergent was added to prevent non-specific hydrophobic
binding of lectins to substrate and non-substrate

16. Tris Working Buffer

* yields 0.05 M Tris, 0.15 M NaCl, and 1.0 mM salts
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Appendix Il HISTOLOGICAL METHODS

1. Alician Biue pH 0.5 (Bancroft & Stevens 1990)

2 X XYIONG........0ooooumsssussssssssssssssnsssssssnsnsmssssnssssssssssssenssesssssssssssesssens 3 min. ea
2 X 98% ANhYArous OthANOL............oooovvcveccsreenmmmmenssersssseesseen3 M. 08
85% GNBNOL.............ccconiriiniinrnnisiririninnessisissnsesssssssssssessssssassssnns 3 min
TO%W BNBNOL................ccovrirrenrnnisernenarsenesi s ssssssssssesssssssases 3 min
50% GhBNOL.................cccoreirrnrrnnicenirinierersnnneeriaersssasssasesssssessens 3 min
OO WRIBH................cooconcnnnnrcsiersnsnssnssnsensnsssensssrsossessessssensaneassd TN
0.2 N hydrochioric acid... s M,
biot dry, taking care not to touch sections
distiled water........................... 3 min
2 X anhydrous 98% thanol ................cimicnnsnnes 5 sec. ea
mount in DPX

RESULTS
* strongly-sulphated glycOCONjUGRLes....................ccoeeon. biue

2. Alcian Blue pH 2.5 (Bancrolt & Stevens 1990)

6% ethanol. sserssorsnsss yo———w—w—-. § &

50% ethanol. R — o————- ¥
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IO WRIBH.................ccovvirinniiiiritirisnninnnensensesssssssssessssens 3 min
3% BCOLC BCI .............cnveriiriinicnnisssnneenneeeeersassersssssssssssans 3 min
OCBN DIUB PH O.5..............cocovvenininnsinsnnssnnsiniensnssssenssssssonaons 5 min
3% BCOHIC BCID ...........ccnnnicrircnnisssnssarsnssssssssssssassssssssssssssssssanss 3 min
NOULTRI FOA.............cccovrernnninnissnsnisinsinnnnsasnsesesssssssssssssssssssssses 5 min
QBN WRIBK..................ooonciiinsinsnicsiesresnennannsssssssssssessssossessnes 3 min

2 X anhydrous 98% &thanol ....................cccvnevrennnnnnnnnnsessesenn S sec. ea
2 X XPIONG.............oooeevesvvssssmsmsnsssssssssensssesesssmessssssssesssssssssesmassssene 3 min. ea
mount in DPX

* weakly-suiphated glycoconjugates............................... blue

O NUCHB .........cocncinneniensnisnssnasiaserssssssssssasssssssssssssessessessans red

2 X XYMBO.......coccnernrecreressnrsssessseneessnerese 3 min. ea
2 X 98% ANNYOIOUS BANOL ..........cocceeeveereressenssessssssssesssns 3 min. ea
95% ethanol 3 min.
0% GBNOL..........cccoccoeseecrenressneenssesenssssssssen 3 min.
50% ethanol .3 min.
ROUBOT WIMBK...............cccccceerensercnnseeseresesessssssesssssssssssmessons 3 min.
0.5% acstic acid 3 min.
QCIBN DIIB PH O.5............ccceerennnsesensssssessessssssssssssssssssssessessnns 5 min.
0.5% aostic acid 3 min.
neutral red 5 min.
distiled water 3 min.
2 X anhydrous 98% ethanol 5 86c. oa.
2 X xptene....... 3 min. ea.




mount in DPX

RESULTS:
* carboxylated glycoconjugates..................ccceuun.nn.... blue
@ NIUCHDI .........coociniiinicnnnnsnnssnrssssssrssnsssssssssssssosssssssessessens [0

4. Alcian Blue-Aldehyde Fuchsin (Spicer gt al. 1962)
2 X 98% anhydrous ethanol ..................ccceeeeinnnnnnennenenen3 MIN, 68
OO WRIBN.....................cconnninnmnrinnrnnmmrnsnnsrsssssssssssssssssessesssserensd TN
QlAOhYd® UChBIN. ................ccnnvrmnrnenrrnrirenesssssessssssssssssensesserees 20 T
3% acetic acld ..................cocoveeernecenernrinns ——- Y )
BlCEN DIUB PH 2.5............cccoovinncrinnnnnsnnssecssesssnsssassssisassssenss 5 min.
TORGIBNOL..............cocoonrrrrrinenrnrresserrsenssssnssessssssnssssssesnsases .3 min,
2 X anhydrous 98% Othanol....................ccencrvccninnnnnsinneccsnner.3 N, O8
2 X xylene...... ostessssssnssrssrssbsaa SRR R s a s aEsa RS SR bRt 3 min. ea
mount in DPX
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2XXYIONG...........coooccrinnrinnnmiisisinsnemsssisssisasssssssesssssssassasssss ol
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UEAI a-L-Fucoee fluorescein
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CONTROLS:

Negative controis consisted of the above protocol followed with lectin
solutions incubated in a 10 mg/mi solution of appropriate sugar substrate for 60
minutes prior to use (Table 2). Positive controls included sections of human
colon containing erythrocytes and biood vesse! endothelium.

Lectin

SJA N-acetyl-p-0-Galactosamine N-acetyl-0-

PSA a-0-Mannose o(+)-Mannose
UVEAI a-.-Fucose a-L(-)-Fucose
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