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Permeability of the midgut basal lamina in the mosquito,
Culex tarsalis Coquillett (Insecta, Diptera)

E.J. Houk, J. L. HArRDY, R. E. CHILES

Summary

The permeability of the basal lamina of the midgut of the mosquito, Culex
tarsalis, was determined for engorged and unfed mosquito midguts both pre-
and postfixed. A range of materials, with diameters from <2nm (lanthanum)
through 90 nm (polystyrene spheres), was examined. The permeability of the
basal lamina was constant under all experimental conditions; 5-8 nm particles
(colloidal thorium) were the largest to consistently permeate. The discussion is
centered on the question of how a virus particle, often 10 times the diameter of
the established permeability limits of the basal lamina, can traverse this struc-
ture. Possible explanations are: 1. The basal lamina is a dynamic, plastic struc-
ture that easily distorts under physical and/or biochemical stresses, 2. The
virion may possess enzymatic activity that locally alters the structure of the
basal lamina, or 3. The extracellular surfaces of the midgut epithelium or the
basal lamina itself may possess enzymatic properties that alter the size or possi-
bly the structure of the virion as it passes through.
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Introduction

The basement membrane or basal lamina of insect tissues does not possess
fibrous collagen (Ashhurst, 1968; de Biasi and Pilotto, 1976), with the exception
of the neural lamella (Treherne and Pichon, 1972) and mesenteric connective
tissue (Pipa and Woolever, 1965; Francois, 1978). The insect basement mem-
brane is generally an amorphous association of proteins and glycosaminogly-
cans (GAGs) functioning as: 1. a barrier to macromolecules and in some in-
stances to cations (Ashhurst, 1968; Treherne and Pichon. 1972) and 2. providing
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a basis for the structural integrity of epithelia (e.g., digestive tract, Malpighian
tubules).

Substantial electron microscopic substructure has been reported for the
basal lamina of midguts from several insects (Terzakis, 1967: Holter, 1970;
Reinhardt and Hecker, 1973: Houk: Houk et al., 1980). In general, these basal
laminae have the appearance of globular structures, perhaps proteoglycans,
somewhat rigidly held in place by thin interconnecting fibrils. This multi-
layered meshwork has been compared to a Millipore filter (Terzakis, 1967). The
midgut basal lamina also reveals substantial symmetry when observed in
tangential sections; either hexagonal (Terzakis, 1967; Holter, 1970; Richards
and Richards, 1968) or cuboidal (Reinhardt and Hecker, 1973; Houk, 1977;
Houk et al., 1980).

The mosquito, Culex tarsalis, 1s a vector of western equine encephalomye-
litis (WEE) and St. Louis encephalitis (SLE) viruses. This mosquito has been
reported to possess a genetically determined ‘gut barrier’ to WEE viral infection
(Hardy et al., 1978). Recently, this barrier to infection has been shown to possess
two distinct components: an adsorption component and an inability of the virus
to gain access to the hemocoel from infected mosquito midguts (Kramer et al.,
in press). In view of the obvious porosity of the midgut basal lamina, as outlined
above, and the second component of the WEE virus gut barrier, this present
study was undertaken. A measure of the occlusion limits of the basal lamina of
Cx. tarsalis could possibly reveal whether direct interaction of the Millipore
filter effect could affect the second component of the WEE virus gut barrier.

Materials and methods

Mosquitoes, Cx. rarsalis, were maintained under developmental conditions described by
Houk (1977). Tracer substances were applied to adult female midguts (3-5 days of age) as follows:
1. Engorged and unfed mosquitoes had their digestive tracts dissected directly into tracer materials
diluted in Dulbecco’s phosphate buffered saline (Na/PBS) and 2. Engorged and unfed mosquitoes
were dissected directly into glutaraldehyde (2% or 5% in 0.2 M phosphate bufter; pH 7.2) and
prefixed for 30 min, rinsed in Na/PBS and then incubated in the tracer.

Midguts were incubated in the presence of the appropriate tracer for 4-8 h, fixed for | hin 2%
glutaraldehyde, rinsed thoroughly in Na/PBS and exogenous tracers detected by established
methods. Enzyme tracers were detected as described: microperoxidase and cytochrome ¢ (Karnov-

Fig. 1. Lanthanum within intercellular spaces (arrows) immediately subjacent to midgut microvilli
(MV). x52,700.

Fig. 2. Sporatic association of lanthanum with the basal plasma membrane (PM) and extensive
adsorption to the basal lamina (BL). Chromatin associated precipitate within the nucleus (arrows).
% 6200.

Fig. 3. Adsorption of microperoxidase to the basal lamina (BL) and basal plasma membrane (PM).
x 37.800.

Fig. 4. Microperoxidase (arrows) within the area of midgut microvilli (MV) in a postfixed prepara-
tion. x 10.800.
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sky and Rice, 1969), horseradish peroxidase (Graham and Karnovsky, 1966) and catalase (Venkata-
chalam and Fahimi. 1969). Polystyrene spheres were diluted in Na/PBS containing 1 mg/ml of
bovine serum albumin or microperoxidase. The staining of adsorbed protein by combined en bloc
uranyl acetate (Milne and de Zoeten, 1967) and post-staining with lead citrate (Reynolds, 1963), or
by enzyme detection methods (Karnovsky and Rice, 1969), served to delineate the spheres.

Lanthanum and thorium are both inherently electron opaque. Colloidal thorium (Thoria-Sol,
Polysciences, Inc.) was diluted to 0.01% in Na/PBS. Lanthanum hydroxide (100 mg) was dissolved
in a minimum volume of concentrated HCL. This solution was then brought to approximate neutral-
ity (i.e., slight precipitation) with sodium hydroxide. The neutral lanthanum solution was added to
Tris (0.2 M; pH 7.2) buffered glutaraldehyde (5%) to yield a final concentration of 0.5% (w/v).
Lanthanum was then precipitated in situ after the removal of the Tris-glutaraldehyde by the addi-
tion of phosphate buffer (0.2 M; pH 7.2).

Results

A summary of the tracers examined and an indication of their ability to
traverse the midgut basal lamina, in both pre- and post-fixed midguts 1s pre-
sented in Table 1.

Lanthanum (<2 nm) passed through the basal lamina and cellular junc-
tions with no apparent restrictions (Figs. 1, 2). When lanthanum was precipitat-
ed in situ with phosphate buffer, sporatic association with the basal lamina and

Table 1. Permeability of mosquito midgut basal lamina

Tracer Particle Midgut
size (nm)

prefixed postfixed

Lanthanum ... . ... ... ... .. ... ... ... ... .. <2 + +
Microperoxidase ... ........ .. ... . ... ... . ... . 2 + +
Cytochromec ...... ... ... ... ............ 3 + +
Horseradish peroxidase ... ...... .. .. ... .. .. .. 4-6 + +
Colloidal thorium . ........... .. ... ... .. .. 5-8 + +
COTRIERE .. oncoonvns smmwomres vussssesnssnunua 10 — -
PElPSIVICHE SPhEies.. . worwwam s snuuscsscsesussa 66 — =
Polystyrene spheres . ............. . ... ... ... .. 90 - -

Fig. 5. Cytochrome ¢ apparent along the basal plasma membrane (PM) and adsorbed to’the basal
lamina (BL). x 23,000.

Fig. 6. Horseradish peroxidase along the basal plasma membrane (PM) and the basal lamina (BL).
% 7200.

Fig. 7. Colloidal thorium reveals substantial adsorption to the basement membranes of tracheoles
(T). limited association with the midgut basal lamina (BL) and limited access to midgut extracellular
spaces proximal to the basal lamina (arrows). x 32.400.

Fig. 8. Catalase reveals sporatic association with midgut basal lamina (BL) and adjacent basement
membranes (arrows). x 10,200.
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the basal plasma membrane was observed (Fig. 2). In addition, chromatin
associated precipitation could be detected within the nucleus (Fig. 2).

Prefixed midguts allowed microperoxidase to traverse the basal lamina
(Fig. 3). Substantial adsorption was found along the basal plasma membrane.
In those midguts preincubated in Na/PBS-tracer without prior fixation, micro-
peroxidase could be detected in occasional sections within the microvillar
region (Fig. 4). This may be attributed to an unbalanced osmolarity of the
incubation medium with respect to the mosquito midgut epithelial cell.

Cytochrome ¢ and horseradish peroxidase were both adsorbed to the basal
lamina (Figs. 5, 6). Both molecules were able to cross the basal lamina with and
without prior fixation. There was no indication of junctional permeability.

Colloidal thorium was able to penetrate the basal lamina with apparent
difficulty in both prefixed (Fig. 7) and postfixed midguts. There was substantial
accumulation/adsorption of thorium within the basement membranes of mus-
cle, tracheolar cells and axons adjacent to the midgut but little found within the
midgut basal lamina (Fig. 7).

Catalase and both sizes of polystyrene spheres could not traverse the basal
lamina in either pre- or postfixed midguts (Figs. 8, 9, 10). Catalase could be

£ ol E
%, if. A b g & & 2 : . 3

Fig. 9. Polystyrene spheres (PA; 66 nm) adjacent to the midgut basal lamina (BL). x 51.800.

Fig. 10. Polystyrene spheres (PA; 90 nm) adjacent to the midgut basal lamina (BL). x 37,400,
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observed in sporatic association with the extreme hemocoelar margin of the
basal lamina.

There was no apparent alteration in basal lamina permeability in response
to bloodfeeding.

Discussion

The results for the permeability of the midgut basal lamina of the mosqui-
to, Cx. tarsalis (Table 1), were a reflection of the data for basement membranes
from other insect tissues (Table 2). Horseradish peroxidase has been demon-
strated to penetrate the basement membrane in all tissues examined to date,
including the mosquito midgut basal lamina (Fig. 7). Colloidal thorium was
able to traverse the midgut basal lamina with difficulty (Fig. 8). This would
indicate that the limits of occlusion for the midgut basal lamina are in the range
of colloidal thorium (5-8 nm), slightly above the average diameter for horserad-
ish peroxidase (4-6 nm; Table 1).

How then does something as substantial as WEE and SLE virions, about
5 times the apparent midgut occlusion limit, traverse this seemingly insur-
mountable basal lamina barrier? Three explanations seem plausible. First, the
basal lamina is probably not a static structure in the sense of a Millipore filter,
but rather a dynamic structure. This dynamic status may allow for substantial
distortion of the basal lamina in response to physical and/or biochemical stress.
In fact, the porosity observed in the electron microscope might conceivably be a
minimum porosity induced by glutaraldehyde fixation. but our studies with
pre- and postfixed midguts do not support this concept (Table 1). However, in a

Table 2. Permeability of the basement membrane of several insect systems

System Particle References
size (nm)
Reproductive
Ovaries — dedes (Mosquito) ................ 11 Anderson and Spielman, 1971
Ovaries — Galleria(Moth) .................. 4-6 Przelecka and Dutkowski, 1975
Ovaries — Libellula (Dragonfly) . ............ 4-6 Kessel and Ganion, 1979
Testes — Locusta (Locust) .................. 4-6 Szollosi and Marcaillou, 1977
Excretory — Malpighian tubules
Calliphora (Blowfly) ....... ... ... ....... 4-6 Berridge and Oschman, 1969
Calpodes (SKIPPET) . . i 5 i o 5« s ommermmn s 4-6 Locke and Collins, 1968
Libellula (Dragonfly) . .. ... ... ............ 4-6 Kessel, 1970
Nervous — Brain
Manduca (Moth) ... ... . ... . .. ... ... 4-6 Lane, 1972
Ostrinia (Moth) ... .. .. . .. 46 Houk and Beck, 1975
Periplaneta (Cockroach) ... . ... ... .. ... 46 Lane and Treherne, 1972
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qualitative sense one could discern changes in the amount of horseradish perox-
idase and cytochrome c¢ that crossed the basal lamina in prefixed midguts as
compared to postfixed. Second, perhaps the virion itself is altered before or
during the process of penetrating the basal lamina. It is conceivable that a
nonenveloped particle, whose diameter is reduced by about 30-40%, would be
more easily transported through this maze. In fact, we have observed nonenvel-
oped particles that appeared to be in the process of traversing the basal lamina
in several strains of Cx. tarsalis. Third, the virion could possess enzymatic prop-
erties that assist in its penetration of the basal lamina.

We are currently attempting to identify the nature of the virion that crosses
the basal lamina. In addition, we are testing the hypothesis that nonenveloped
particles might be infectious to the mosquito when inoculated directly into the
hemocoel.
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