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CHAPTER III 

Results 

3.1 Changes of the midgut from female An. dissidens during adult development and 

after blood feeding 

3.1.1 Midgut Morphology  

Light microscopy revealed that the midgut epithelium was a single layer of 

polarized cells. On one side, the midgut cells were bound to a basement membrane, which 

faced the body cavity and hemolymph of the mosquito, and on the other, the apical cell 

surfaces faced the midgut lumen. Transmission electron microscopy (TEM) showed that 

the midgut epithelium comprised a monolayer of columnar polarized cells, which lay on 

a non-cellular basal lamina (Figure 3.1). Many mitochondria, cisterns of rough 

endoplasmic reticulum (RER), a smooth endoplasmic reticulum (SER), nucleus, free 

ribosome and vesicle with electron-lucent content (EDV) were observed in the apical 

cytoplasm. Apical membranes formed microvilli that protruded into the midgut lumen. 

Also, the vesicle with electron-lucent content moved toward the apical membrane, where 

the content was released into the midgut.  

The sugar fed midgut of female An. dissidens was observed during adult 

development under scanning electron microscopy (SEM), and examined on different days 

post emergence, i.e. early emergence, and day 1, 3, 5, 8, 10, 16 and 21. Yellow bodies 

(YBs) were found in the midgut lumen, covering the microvilli surfaces at the beginning 

of adult emergence (Figure 3.2a). However, no YBs being seen after the first day of 

emergence. The microvilli-covered apical cell surfaces were well-developed, as shown in 

Figure 3.2b, where individual mounds with cell junctions recessed from the cell center. 

Enlarged apical protrusions in the midgut lumen (Figure 3.2b) were observed 

occasionally. A large number of cells appeared clearly at 3 days post emergence, and the 

microvilli-covered apical cell surfaces were exposed indirectly to the lumen (Figure 3.2c). 
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The microvilli were covered by a network of branching fibers that are called 

the microvilli-associated network (MN), as shown in Figure 3.2c and d. However, 

changes in the midgut structure, caused by the aging process, were not significantly 

different to the various times shown in Figure 3.2.  

 

Figure 3.1 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. 
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Figure 3.2 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 MV 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. c) 

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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The midguts of blood-fed female mosquitoes were observed under SEM and 

examined at different time points (0, 3, 6, 12, 24 and 72 h after blood feeding). 

Immediately the mosquito became engorged, the midgut epithelium expanded greatly, 

and the midgut did not protrude from the microvilli (Figure 3.3a). The epithelial cells of 

the midgut were flattened with short brush border microvilli 3 h after blood feeding. 

Meanwhile, the initial formation of the PM was found close to the apical cell surfaces 

(Figure 3.3b). This PM formation revealed numerous granular materials surrounding the 

apical cell surface, and most of them became compacted. The PM formation reached 

completion within 6 h after blood feeding, with a thicker layer than that after 3 h blood 

feeding (Figure 3.3c). The midgut began its last phase of PM formation 12 h after blood 

feeding, as the PM presented two layers (one electrondense adosed to MV and heme 

electronlucent above MV) (Figure 3.3d), which were separated by a thin layer. The 

epithelial cells started to recover their structure from 12 to 24 h after blood feeding 

(Figure 3.3d-e). Blood digestion ended around 72 h after blood feeding. The epithelial 

cells returned to the structure observed before blood feeding, and the MN appeared again 

on the microvilli-covered apical cell surface (Figure 3.3f). 
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Figure 3.3 SEM micrographs of PM formation in the An. dissidens midgut 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). c) 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).  
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3.1.2 Analysis of midgut proteins of female An. dissidens 

The midgut proteins of sugar-fed An. dissidens were analyzed by 2-DE in a 

non-linear gradient pI 3-10 (Figure 3.4). Approximately 150 protein spots were detected 

from the mosquitoes on 3-5 days old and distributed in the range of a molecular mass 

between 10 and 116 kDa and, the range of pI between 4.7 and 9.5. Sixty-six protein spots 

were selected to identify by nanoLC-MS and assigned with Mascot search engine using 

the mosquito vector database. Identified proteins were summarized in Table 3.1. 

 

Figure 3.4 2-DE analysis of the female midguts from the sugar fed An. 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 (pI) are indicated at the top. 
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3.2 Changes in the female salivary glands of An. dissidens during adult development 

and after blood feeding 

3.2.1 Salivary gland morphology 

By light microscopy, it showed that morphology of female salivary glands of 

An. dissidens mosquitoes aged seven days consisted of a distinctive tri-lobed structure 

connected to a main salivary canal, a single medial and two lateral lobes with proximal 

and distal secretory portions. The proximal portion of the median lobe was short and 

served to link this lobe with the two lateral lobes. A cuticular duct extended through it 

from the distal portion and connected to the ducts of the lateral lobes. 

By TEM observation, the salivary glands of female mosquitoe aged between 

zero to 21 days were shown in Figure 3.5-3.8. Micrographs revealed that all lobes were 

acinar structures, organized as a unicellular epithelium that surrounded a salivary canal 

and surrounded by a very thin basal lamina. Cellular architecture was similar among the 

lobes, with secretory material appearing as large masses that pushed the cellular structures 

to the periphery of the organ. In the cytoplasm of all secretory cells, rough endoplasmic 

reticulum cisternae (RER) with several mitochondria (M) were observed. Nuclei were 

also basally located and exhibited a more or less prominent central nucleolus. In cells of 

the proximal-lateral lobes, secretory cavities contain secretory mass with finely 

filamentous aspect (Figure 3.5). Numerous short MV extended from the apical cell 

membrane into the cavities. The secretory cavities (Sc) opened into a periductal space 

(Ps) and the secretory product seemed to reach the duct lumen through irregular channels 

that perforate the cuticular wall of the proximal salivary duct (Figure 3.5). In the distal-

lateral lobes, cells had Sc filled with a dense secretory product with a mottled pattern 

(Figure 3.6). A large number of mitochondria, rough endoplasmic reticulum, and free 

ribosomes were found in the cytoplasm of the cells. The secretory masses of the distal 

lateral portion appeared to open directly into the duct, whose cuticle is perforated by 

broad channels; the dark secretory product completely filled the duct lumen. The apical 

cell membrane forms a very intricate network that surrounds the Sc (Figure 3.6b). Cells 

of the medial lobe hold large Sc containing secretory masses uniformly stained and highly 

electron-dense (Figure 3.6). Short membrane projections protruding from the apical cell 
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membrane into the secretory cavities were observed. The cytoplasm of the cells contained 

abundant cisternae of rough endoplasmic reticulum and mitochondria with large nucleoli 

noted (Figure 3.7). Non-secretory cells of the proximal portion of the medial lobe were 

shown as Figure 3.8. Seven to eight cells make up the circumference of the proximal 

portion epithelium. The apical cell membranes are united by septate desmosomes. A high 

number of mitochondria and a large nucleus in the basal cytoplasm of each non-secretory 

cell were thrown into numerous deep membrane infoldings penetrating into onefourth to 

one-third of the depth of the cells. A very dense and ruffled cuticular wall with no 

channels limited the salivary duct, which had its lumen occupied by a very uniform and 

electron-dense secretory material (Figure 3.8a, b).  

Following emergence, the glands of newly emerged females were poorly 

developed but their growth was progressive from the time of emergence. The glands 

accumulated secretory material rapidly and developed completely within three days post 

emergence. In all lobes, degenerative changes including loss of stored secretion and 

increase of cytoplasmic vacuolation and concentric lamellar structures were observed 

from 16 days post emergence. After blood feeding, the cellular architecture was also 

similar the salivary gland during adult development. However, saliva contents in all lobe 

were released through a salivary canal, but no completely released in each secretory cell. 

Saliva depletion was affected by reduced size of secretory cell and also wrinkled basal 

lamina. 
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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 days 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 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. 

c) 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 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. c) 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). 
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3.2.2 Salivary gland proteins 

Following age associated protein changes, SDS-PAGE analysis revealed at 

least 11 major protein bands in the female glands. In newly emerged females, protein 

bands of molecular masses higher than 32 kDa were weakly visualized. Then the number 

of protein components gradually increased with age (Figure 3.9). The different 

morphological regions of the female salivary glands displayed different electrophoretic 

protein profiles. The major protein bands with molecular masses of 65, 37, 34, 20, 18, 

and 10 kDa appeared predominantly in the distal portions of the lateral lobes (Figure 3.9, 

lane D), while protein bands with molecular masses of 45, 39, 35, 33, and 14 kDa were 

predominant in the medial lobe (Figure 3.9, lane M). As the proximal portions of the 

lateral lobes were very small, 50 proximal portions from 25 females were used to analyze 

on a SDS gel. The protein profile shows a number of minor protein bands (Figure 3.9, 

lane P).  

The 2-DE of salivary gland samples collected 0, 1, 3, 12, 16 and 21 days after 

emergence are shown in Figure 3.10. The proteins accumulated following emergence, to 

reach a typical profile after 1 day (Figure 3.10b). The profile consisted of approximately 

80 well-resolved spots with molecular masses of 13 to 80 kilodaltons and isoelectric 

points ranging from 3.8 to 10. Of these, there were 17 major salivary gland proteins 

observed from 1 to 21 days after emergence for which peptide sequence data was obtained 

(Table 3.2). These were each given a spot number (SN) from 1 to 17 (Table 3.2, Figure 

3.10b). In newly emerged mosquitoes (day 0), the 2D profile revealed 9 of the 17 major 

protein spots, namely spot numbers SN3, 7-11, 13, 15 and 17 (Figure 3.10a). The 

remaining 8 major spots were first detected in the salivary glands of females on day 1 

after emergence. Each of the 17 major protein spots were excised and subjected to 

nanoLC-MS for identification. The results of mass spectrometry analysis are summarized 

in Table 3.2. The 17 major protein spots gave significant matches to protein sequences 

from various species of mosquito. The identified proteins included three apyrases (SN 1-

3), four putative-mucin like proteins (SN 4-7), an anti-platelet protein (SN 8), two long 

form D7 proteins (SN 9 and 10), a gVAG precursor (SN 11), three short form D7 related 

proteins (SN 12-14), two gSG7 proteins (SN 15 and 16) and gSG6 (SN 17). 
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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. Arrows indicate major salivary 

gland proteins of female mosquitoes.  
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Figure 3.10 2-DE analysis of female salivary gland proteins of An. dissidens mosquitoes 

according to age. Molecular mass markers are indicated on the left in kDa. Isoelectric 

points (pI) 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.  
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Table 3.2 Details of 17 major protein spots identified by nano-liquid chromatography-

mass spectrometry in the female salivary glands of An. dissidens. 

SNa Accession numberb, 

Protein description 

[species] 

Protein 

scorec 

No. of 

peptides/ 

% 

coverage 

Database 

Mwd/ pIe 

Observed 

Mw/ pI 

Peptide sequence(s) 

1 CAB40345, apyrase 

[Anopheles gambiae] 
65 1/1 62.08/ 8.88 68/ 8.8 R.VFHTVQELR.K 

2 CAB40345, apyrase 

[Anopheles gambiae] 
57 1/1 62.08/ 8.88 68/ 8.9 R.VFHTVQELR.K 

3 AAO06829, salivary 

apyrase [Anopheles 
stephensi] 

50 1/1 64.70/ 6.77 68/ 9.7 R.LTVYFDQR.G 

4 AAL85611, putative 

mucin-like protein [Aedes 
aegypti] 

35 1/3 28.96/ 5.10 56/ 7.6 M.AVTISHSK.V 

5 AAL85611, putative 

mucin-like protein [Aedes 

aegypti] 

35 1/3 28.96/ 5.10 55/ 7.2 M.AVTISHSK.V 

6 AAL85611, putative 

mucin-like protein [Aedes 

aegypti] 

35 1/3 28.96/ 5.10 54/ 9.3 M.AVTISHSK.V 

7 AAL85611, putative 

mucin-like protein [Aedes 

aegypti] 

35 1/3 28.96/ 5.10 48/ 6.8 M.AVTISHSK.V 

8 KFB41046, anti-platelet 

protein [Anopheles 
sinensis] 

212 4/18 26.78/ 4.12 38/ 4 R.LMNPTIDLVNTIEK.

Y 

K.DVQGLVKESEK.S 

R.ELDEGLIDR.E 

R.EQELSDCIVDKR.D 

9 KFB42863, long form D7 

salivary protein [Anopheles 

sinensis] 

180 5/15 35.63/ 8.35 35/ 8.7 K.VYAADPSIK.K 

K.KGESYFAYCEK.R 

R.QYELTGSAQLK.D 

K.DSIDCIFR.G 

R.SANYAYLVLGK.V 

10 KFB42863, long form D7 

salivary protein [Anopheles 

sinensis] 

254 5/15 35.63/ 8.35 34/ 9 K.VYAADPSIK.K 

K.KGESYFAYCEK.R 

R.QYELTGSAQLK.D 

K.DSIDCIFR.G 

R.SANYAYLVLGK.V 

11 KFB54026, putative 

gVAG protein  

precursor [Anopheles 

sinensis] 

117 2/7 31.51/ 9.31 33/ 9.4 K.QFPYAGQNIAITK.Y 

K.VGCSLWYWK.D 

12 AAL16039, short form 

D7r1 salivary protein 
[Anopheles arabiensis] 

43 1/6 19.04/ 9.17 20/ 9.3 K.LIKPLNAIEK.D 

13 ACR54288, a348 (D7 

related) [Anopheles 
anthropophagus] 

389 6/27 18.96/ 9.34 19/ 9.8 K.TIGFVDK.D 

K.TIGFVDKDGR.G 

K.LIKPLNAIEK.D 

K.CMLQSNSAESFK.K 

K.CMLQSNSAESFKK.
V 

K.VFDLTELVLAGK.L 

14 KFB42861, D7-related 3.2 

protein [Anopheles 
sinensis] 

142 2/5 18.68/8.12 18/ 7.2 K.KAVDYVELLR.A 

K.AVDYVELLR.A 

15 KFB36874, gSG7 salivary 

protein [Anopheles 

sinensis] 

130 2/8 16.79/5.94 16/ 7.3 K.YGVQVQLR.E 

K.YGVQVQLREPLVK.
K 
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Table 3.2 (continued) 

SNa Accession numberb, 

Protein description 

[species] 

Protein 

scorec 

No. of 

peptides/ 

% 

coverage 

Database 

Mwd/ pIe 

Observed 

Mw/ pI 
Peptide sequence(s) 

16 KFB36874, gSG7 salivary 

protein [Anopheles 

sinensis] 

68 1/5 16.79/5.94 14/ 6.6 K.YGVQVQLR.E 

17 CAC35522, gSG6 protein 

[Anopheles gambiae] 
50 1/8 13.66/ 5.3 12 / 6.8 K.QKQWIDR.D 

Contr

ol 

ABF18332, heat shock 

cognate 70 [Aedes aegypti]  
316 7/11 71.4/5.3 77.0/5.4 R.TTPSYVAFTDTER.L 

K.NQVAMNPTNTIFD
AK.R 

K.DAGTISGLNVLR.I 

R.IINEPTAAAIAYGLD
K.K 

R.IINEPTAAAIAYGLD

KK.T 

K.LLQDFFNGK.E 

K.FELSGIPPAPR.G 
aSpot number refers to those shown in Figure 3.10b 

bAccession number of the best hit of proteins from mosquitoes and/or arthropod species 

cMowse score ≥ 30 

dMW: molecular mass 

epI: isoelectric point 
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The relative expression levels of the 17 major protein spots determined at 

different ages in adult development are shown in Figure 3.11 and Appendix A. The 17 

protein spots varied in their expression across the 8 time points sampled (0, 1, 2, 3, 8, 12, 

16 and 21 days). Although there was variation observed, the patterns of expression could 

be placed into four groups. The largest (Group 1) was represented by SN4, 10, 11, 13, 15 

and 16, which tended to show a more or less steady increase in expression with age of 

mosquito, but reaching a plateau at the latter time points. Another large group (Group 2) 

consisted of SN1, 2, 5, 7, 9 and probably SN3, in which the relative expression climbed 

rapidly to day 3, and then remained more or less constant for the remaining time points, 

except SN3 that dropped off at the last time point. The third group (Group 3) included 

SN8, 12, 14 and 17, which showed an early steep rise, a levelling off, then a peak on day 

12, and decreased expression thereafter. Finally, there was SN6 (Group 4), which showed 

a unique expression pattern, rising to peak at day 3, and then steadily falling thereafter. 

A homologue of a heat shock cognate 70 kDa protein from Ae. aegypti (accession number 

ABF18332) was used as an internal control in the 2-DE gels. This control protein is 

indicated by an arrowhead in each panel of Figure 3.10 and showed no significant 

difference in density between samples. 
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Figure 3.11 Expression volumes of the 17 major protein spots in the 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), i.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 f), 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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Salivary gland proteins of sugar-fed and blood-fed female An. dissidens were 

analyzed using 2-DE (Figure 3.12). The amount of depletion of each major salivary gland 

protein as a result of blood feeding was determined by comparison between the two 

groups (Table 3.3). Fifteen out of the 17 protein spots showed significant depletion after 

blood feeding, the exceptions being SN2 and SN12. The amount of depletion in the 15 

spots varied from 8.5% for SN6 up to 68.11% for SN5, with a range of values in between 

for the other 13 spots. 

Table 3.3 Amounts of depletion of the major salivary gland proteins after blood feeding 

of An. dissidens mosquitoes. 

SNa 

ASD ± SDb 

Amount depleted % depletion 
Sugar fed Blood fed 

1 0.45 ± 0.02 0.34 ± 0.02 0.11 ± 0.04 25.41c 

2 0.90 ± 0.03 0.88 ± 0.02 0.02 ± 0.04 1.86 

3 4.55 ± 0.01 3.02 ± 0.01 1.53 ± 0.01 33.65c 

4 0.98 ± 0.02 0.55 ± 0.02 0.42 ± 0.03 43.29c 

5 1.63 ± 0.03 0.52 ± 0.03 1.11 ± 0.00 68.11c 

6 1.11 ± 0.02 1.01 ± 0.03 0.09 ± 0.04 8.15c 

7 10.86 ± 0.02 5.52 ± 0.02 5.35 ± 0.02 49.21c 

8 11.23 ± 0.02 5.86 ± 0.02 5.37 ± 0.01 47.82c 

9 4.01 ± 0.04 2.30 ± 0.03 1.71 ±0.02 42.57c 

10 3.60 ± 0.03 1.92 ± 0.02 1.68 ± 0.04 46.63c 

11 7.94 ± 0.02 5.31 ± 0.03 2.62 ± 0.02 33.07c 

12 3.06 ± 0.02 3.02 ± 0.02 0.04 ± 0.04 1.25 

13 12.55 ± 0.03 9.67 ± 0.03 2.88 ± 0.02 22.92c 

14 2.08 ± 0.02 1.08 ± 0.02 1.00 ± 0.02 48.15c 

15 6.71 ± 0.02 4.12 ± 0.02 2.59 ± 0.03 38.58c 

16 0.98 ± 0.01 0.56 ± 0.02 0.41 ± 0.01 42.49c 

17 2.01 ± 0.03 0.95 ± 0.01 1.07 ± 0.04 52.99c 

aSpot number refers to those shown in Figure 3.10b 

bASD ± SD = Average spot density ± Standard deviation 

cStudent’s t-test, p < 0.05 
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3.3 Bacterial diversity of female An. dissidens midguts 

Midgut bacterial microflora (MF) of the sugar fed female An. dissidens (5 days old) 

were characterized by culture-dependent (on LB agar) and culture-independent (direct 

amplification of 16S rRNA gene) methods. Species of the MF were identified based on 

16S rRNA sequences. 

3.3.1 Analysis of cultivable bacteria from the midgut of female An. 

dissidens 

Pools of five the mosquito midguts were homogenized in 1X PBS and 

plated on LB agar for isolation of the cultivable microflora. Morphology of bacterial 

colonies was studied based on the colony size, shape, color and margin. Sixteen colonies 

were selected and identified based on 16S rRNA gene sequence. A BLASTn search result 

of each sequence with more than 97% similarity was considered to be of the same 

operational taxonomic units (OTUs). In this study, approximately 80% of the mosquitoes 

contained cultivable MF in the midguts. An average number of MF was 86 CFU/ml. Most 

of the identified bacteria belonged to the family of Enterobacteriaceae (43%), 

Pseudomonadaceae (12.5%), Thorselliaceae (12.5%), Enterococcaceae (12.5%), and so 

on. Details of MF community composition and relative abundance at level of each genus 

are shown in Table 3.4. 

3.3.2 Analysis of uncultivable MF from the midgut of female An. 

dissidens  

A 16S rRNA gene library was constructed from pools of five female 

An. dissidens midguts. Sixty white colonies from the liberary were randomly selected for 

16S rRNA PCR amplification. Only 14 from 60 colonies were successfully amplified, 

and the PCR products (approximately 1,500 bp) were sent sequencing. The results were 

showed that the predominant bacteria belonged to the genus Thorsellia (71%), Asaia 

(21%), and Thermoactinomyces (14%) (Table 3.4).  

   



 

 

 

67 

Table 3.4 Lists of cultivable and uncultivable bacteria from the midgut of laboratory-

reared An. dissidens base on 16S rRNA sequencing. 

Method Clone number GenBank accession 

number 

Closest relative according to Blast (%identity) 

Using culture 

independence 

method 

A1mb5d001 NR_113845.1 Asaia siamensis strain NBRC 16457 (99%) 

A1mb5d002 NR_118583.1 Thermoactinomyces daqus (99%) 

A1mb5d003 NR_043217 Thorsellia anophelis strain H2.1 (98%) 

A1mb5d004 NR_112953.1 Asaia spathodeae strain GB23-2 (99%) 

A1mb5d005 FJ608080.1  Uncultured Thorsellia sp. clone LC47 (98%) 

A1mb5d006 KF921010.1 Thermoactinomyces daqus (99%) 

A1mb5d015 NR_043217.1  Thorsellia anophelis strain H2.1 (98%) 

A1mb5d047 NR_043217.1 Thorsellia anophelis strain H2.1 (97%) 

A1mb5d051 NR_043217.1 Thorsellia anophelis strain H2.1 (97%) 

A1mb5d055 EF434777.1  Uncultured Thorsellia sp. clone 895T7W2 (99%) 

A1mb5d057 NR_113845.1 Asaia siamensis gene (99%) 

A1mb5d060 NR_043217.1 Thorsellia anophelis strain H2.1 (98%) 

A1mb5d066 NR_043217.1  Thorsellia anophelis strain H2.1 (98%) 

A1mb5d085 FJ608066.1 Uncultured Thorsellia sp. clone LC32 (99%) 

Using culture 

dependent 

method 

BP3.1 JN257136.1 Pseudomonas fulva (99%) 

BS2.2 KJ184887.1 Enterobacter sp. (99%) 

BS2.3 AB904773 Enterococcus gallinarum (99%) 

BS2.4 KJ184887 Enterobacter sp. (99%) 

BS2.5 KJ184850 Enterobacter sp. (99%) 

BS4.3 AB571232 Agrobacterium tumefaciens (99%) 

NV2.2.1 AB641895 Pantoea sp. (99%) 

BS2.1 AB904773 Enterococcus gallinarum (99%) 

BS2.2 JQ659623 Enterobacter asburiae strain R2-343 (99%) 

NV2.1 AB641895.1 Pantoea sp. (97%) 

BV4.1 KF285965.1 Pseudomonas oryzihabitans strain 8t4 (95%) 

BV4.2 FJ608128.1 Thorsellia anophelis strain L34 (99%) 

Nv3.1 NR_043217.1 Thorsellia anophelis strain H2.1 (97%) 

5LAb1 EU293342.1 Comamonas sp. (98%) 

5LAb2 KC430995.1 Bacillus sp. (97%) 

5LAb3 CP009863.1 Klebsiella pneumoniae (98%) 

 

http://www.ncbi.nlm.nih.gov/nucleotide/344323552?report=genbank&log$=nucltop&blast_rank=1&RID=8MR4KSMJ015
http://www.ncbi.nlm.nih.gov/nucleotide/608605245?report=genbank&log$=nucltop&blast_rank=1&RID=8MSRZ8E2015
http://www.ncbi.nlm.nih.gov/nucleotide/338858341?report=genbank&log$=nucltop&blast_rank=1&RID=91VYNX7E013
http://www.ncbi.nlm.nih.gov/nucleotide/545879554?report=genbank&log$=nucltop&blast_rank=1&RID=91W5ZNZG01N
http://www.ncbi.nlm.nih.gov/nucleotide/253508716?report=genbank&log$=nucltop&blast_rank=1&RID=91WDG5JJ01N
http://www.ncbi.nlm.nih.gov/nucleotide/343202771?report=genbank&log$=nucltop&blast_rank=2&RID=91WKD77T01N
http://www.ncbi.nlm.nih.gov/nucleotide/162752362?report=genbank&log$=nucltop&blast_rank=1&RID=91ZY5KHN01N
http://www.ncbi.nlm.nih.gov/nucleotide/485574282?report=genbank&log$=nucltop&blast_rank=1&RID=92032RPG01N
http://www.ncbi.nlm.nih.gov/nucleotide/723234405?report=genbank&log$=nucltop&blast_rank=1&RID=920C02PC01N

