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Figure 1.1 Plasmodium development in a mosquito vector. Successful 4
transmission of Plasmodium spp. by a mosquito involves a
complex developmental cycle within the vector. The
mosquito must: (1) ingest a blood meal containing male and
female Plasmodium gametocytes; (2) within minutes the
gametocytes develop into gametes; (3) female macrogametes
are fertilized by the male microgametes and a diploid zygote
is formed; (4) the zygote develops into a motile ookinete; (4)
the ookinete crosses the peritrophic matrix (PM) to invade the
midgut epithelium (MGT-E) by 16-26 h post-feeding; (5)
successful ookinetes traverse the midgut epithelial cells and
form oocysts, lying between the basal membrane of the
epithelium and the basal lamina (BL); (6) the oocyst takes 7-
21 days to develop thousands of sporozoites that are released
into the mosquito hemolymph; (7) a fraction of the
sporozoites invade the salivary glands (SGs) and remain there
to be injected into another vertebrate host when the mosquito
takes another blood meal. Each step in the life cycle of
Plasmodium in the mosquito can potentially represent a
barrier for transmission (Molina-Cruz et al. 2013).

Figure 1.2 SEM images of midgut sugar and blood fed mosquitoes. The 6
images showed the dramatic distension of the midgut
mosquito caused by the ingestion of a blood meal. a) midgut
of sugar fed mosquito, bar = 500 um. b) Midgut of blood fed
mosquito, bar = 10 um (Cézares-Raga et al. 2014).



Figure 1.3

Figure 3.1

Figure 3.2
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Representative adult salivary glands of the mosquito,
Anopheles dirus B. a) A male salivary gland. b) a female
salivary gland. PL: proximal region of the lateral lobe; DL:
distal region of the lateral lobe; ML: median lobe. Bar
represents 500 um (Jariyapan et al. 2007).

TEM micrograph of midgut epithelial cells of the An.
dissidens mosquito. The epithelial cell is formed by a single
layer of columnar cells. TEM image showing that the apical
surface has a long microvilli (MV) that protrudes into the
midgut lumen (L). Large nucleus (Nu), abundant
mitrochondria (M) and rough endoplasmic reticulum (RER)
are visualized in the center and apical region of the cell. The
vesicle with electron-lucent content (EDV) is distributed in
the apical region.

SEM micrographs showing changes in the midgut of the An.
dissidens mosquito during development. a-d) The microvilli
(MV), yellow body (YB), and microvilli-associated network
(MN) are visualized on the lumen side of the mosquito
midgut. a) At the newly emerged stage, the microvilli-covered
apical cell surfaces are covered by a yellow body (YB). The
MYV appeared through some holes of the YB. b) The midguts
cleaned from the YB show bare cells (*) on the midgut surface
at 1 day old. ¢) The MN is above the MV at 3 days old as well
as (d) on the lumen side of the midgut at 21 days old.
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Figure 3.3 SEM micrographs of PM formation in the An. dissidens 33
mosquito after blood feeding. a) The midgut lumen full of
blood meal (RB) and the tiny basal membrane (BM) 1 h after
blood feeding. b) The midgut presenting early PM formation
within 3 h after blood feeding. The PM between the RB and
midgut epithelium (arrow). ¢) The PM being well enveloped
together with the midgut lumen 6 h after blood feeding, and
the PM being thicker than that 3 h after blood feeding. d and
e) The late phase of blood digestion starting from 12 to 24 h
after blood feeding, as the fractured midgut is separated by
the midgut epithelium (arrow), PM, and RB. f) The midgut
morphology returns to the same state as that before blood
feeding. The microvilli-associated network (MN) is above the
microvilli (MV).
Figure 3.4 2-DE analysis of the female midguts from the sugar fed An. 34

dissidens on 3-5 days old. Proteins were separated in the first
dimension across a non-linear pH range of 3-10 NL, and in
the second dimension in a 15% SDS-PAGE. The gels were
stained with Coomassie blue. Molecular mass markers are
indicated on the left in kDa. Isoelectric points (pl) are

indicated at the top.
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Figure 3.5 TEM micrographs of proximal-lateral lobes of adult female

glands. a) A proximal-lateral lobe of an adult female gland of
a newly emerged female. The epithelial cells contain rough
endoplasmic reticulum (R), mitochondria (arrows) and
nucleus (N) with masses of condensed chromatin. Short
microvilli (circles) protrude into a secretory cavity (Sc). The
secretory cavity is filled with finely granular secretion. A thin
basal laminar (BL) encompasses the cell periphery.
Arrowheads indicate septate desmosomes which unite the
lateral cell membranes of the epithelial cells. b) The duct and
periductal space (Ps) of the proximal-later portion. A
filamentous meshwork surrounding the granular material
similar to the secretion product filled the periductal space. c,
d) The proximal-lateral lobes of mosquitoes aged 16 and 21
day post emergence, respectively, showing degenerative areas
(DA) with cytoplasmic vacuoles and concentric lamellar
structures (white arrows). e, f) The intermediate region
between proximal-lateral and distal-lateral lobes. e) Cells
surrounding the duct display numerous rough endoplasmic
reticulum (R) from the basal region to the periductal space
(PS). f) Higher magnification display a part of the salivary
duct (SD). A part of a large nucleus (N) and the presence of
large granules (G) associated with basal membrane

invaginations were observed.
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Figure 3.6 TEM micrographs of distal-lateral lobes of adult female 55
glands. a) A newly emerged female. The epithelial cells
contain rough endoplasmic reticulum (R), mitochondria
(arrows) and nucleus (N). A nucleoli with large condensed
chromatin masses was noted. Secretory cavities (Sc) were
filled with coarsely granulated material. The secretory
material has a mottled pattern. A thin basal laminar (BL)
encompasses the cell periphery. Arrowheads indicate septate
desmosomes of the epithelial cells. b) A salivary duct and
periductal space (Ps) of the distal-later portion. The duct
surrounds with at least seven epithelial cells. Each cell has a
large secretory cavity. A filamentous meshwork and granular
material similar to the secretion product fills the periductal
space. ¢) An epithelial cell from a mosquito aged seven days
post emergence showing a nucleus (N) with condensed
chromatin masses, secretory cavities (Sc) filled with coarsely
granulated material. and a thin basal laminar (BL). d)
Epithelial cells from a mosquito aged 16 days post emergence
showing a nucleus (N) with large condensed chromatin
masses, secretory cavities (Sc), and a thin basal laminar (BL).
e, f) Shrinking epithelial cells with loss of stored secretion and
degenerative areas (DA) with vacuoles and concentric
lamellar structures (white arrows) were observed in from the

mosquitoes aged 21 days post emergence.
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Figure 3.7 TEM micrographs of cells in the medial lobe of adult female

glands. a) Epithelial cells from a mosquito aged three day post
emergence. The epithelial cells contain nucleus (N) and
secretory cavities (Sc) filled with dark homogeneous material.
A thin basal laminar (BL) encompasses the cell periphery. b)
Cells from a mosquito aged seven day post emergence
showing a nucleus (N) with condensed chromatin masses,
rough endoplasmic reticulum (R), secretory cavities (Sc) and
a thin basal laminar (BL). c) Epithelial cells from a mosquito
aged 16 days post emergence showing nucleus (N) with large
condensed chromatin masses, secretory cavities (Sc), and a
thin basal laminar (BL). Degenerative areas (DA) is noted. d)
Shrinking epithelial cells with loss of stored secretion and
degenerative areas (DA) with vacuoles and concentric
lamellar structures (white arrows) were observed in cells from

the mosquitoes aged 21 days post emergence.
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Figure 3.8
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TEM micrographs of the proximal portion of the medial
lobe. a) The salivary duct (SD) with a ruffled wall. Cells
surrounding the duct display numerous and deep infoldings
of membrane extended from the basal region to the
periductal space. The infoldings contain a high number of
mitochondria (arrows) and almost no cytoplasm.
Arrowheads indicate septate desmosomes. b) Higher
magnification of boxed region in (a) displaying a part of the
salivary duct (SD) and infolded apical cell membranes. ¢) A
part of a large nucleus (N) and the presence of numerous
tubular mitochondria (arrows) associated with basal
membrane invaginations were observed. d) At 21 days post
emergence, degradation of mitochondria (arrows) and

vesicles were observed. Basal laminar (BL).

Figure 3.9 SDS-PAGE protein profiles of salivary glands of female An.

dissidens mosquitoes. Proteins of each female salivary gland
pair from a mosquito ages varying from 0 to 21 days
separated in a 15% SDS polyacrylamide gel and CBB
stained. Lane P: fifty proximal portions of the lateral lobes;
lane D: two distal portions of the lateral lobes; lane M: two
medial lobes. Molecular mass markers are indicated on the
left in kDa. Numbers at the top indicate age in days post

emergence.
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Figure 3.10 2-DE analysis of female salivary gland proteins of An. 60
dissidens mosquitoes according to age. Molecular mass
markers are indicated on the left in kDa. Isoelectric points
(pl) are indicated at the top. Numbers indicate major salivary
gland proteins. a: a representative of 2-D gels of proteins
extracted from 80 female mosquitoes aged 0 day; b: 1 day;
c: 3 days; d: 12 days; e: 16 days; f: 21 days.
Figure 3.11 Expression volumes of the 17 major protein spots in the 64

female salivary gland of An. dissidens at different times post
emergence. The y-axis represents relative expression level
normalized with heat shock cognate (HSC) 70, and the x-
axis represents different ages on days 0, 1, 2, 3, 8, 12, 16,
and 21, accordingly. Different letters (a, b, c, d, e, f) indicate
significantly different levels of protein expression (p <
0.05), 1.e. groups labelled with one letter (e.g. “a”) are not
significantly different from each other, but are different to
groups labelled with a different letter (e.g. b, c, d, e, or ),
and so on. Any given letter is only relevant within that
protein (i.e. “a” in SN1 has nothing to do with “a” in SN2).
Error bars are plotted for all points, but are too small to be

visualized in some cases.
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STATEMENT OF ORIGINALITY

This thesis presents fundamental knowledge of morphological changes the An.
dissidens midgut during adult development and gonotrophic cycle, and the midgut
proteins. These data would help better understanding the initial influence on vector
competence from correlation of the changes during adult development and blood

feeding

This thesis presents changes of the An. dissidens salivary gland morphology and
proteins during adult development and after blood feeding, and provides protein
candidates that might be involved in the development and transmission of malaria

parasites.

This thesis presents a basis of bacterial diversity in the An. dissidens midgut that

would lead to further study on a malaria control strategy using paratransgenesis.



