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Abstract: Carbonic anhydrase (CA) is widely distributed enzyme which plays a crucial role
in hydration of carbon dioxide. CA of Anopheles gambiae, a common vector that transmits
the malaria disease in tropical countries is not well studies. CA is essential for the normal
physiological function and inhibition of it can lead to lethal effect. Recently, CA was
identified as a potential drug target for developing mosquito larvicidal drugs. CA of
A. gambiae was characterized and compared with 12 other members of the class insecta.
CA of A. gambiae comprised of 309 amino acid residues with 34.56 kDa and theoretical pl
of 6.34. The Leu rich protein had more of negatively charged residues and was classified as
a stable protein. Mitochondrial targeting peptide containing enzyme had about 46.28%
random coils, 28.16% a-helix and 3.24% p-turns. The homology model for the CA of
A. gambiae was predicted using template 4lu3.1.A and the model quality was validated by
least RMSD score, Z-score and Ramachandran plot analysis. The present study is a
preliminary report exploring proteomics aspects of CA of A. gambiae using in silico tools.
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Introduction

The highly anthropophilic mosquito, Anopheles gambiae, is the vector of the malarial parasite
affecting 500 million people worldwide [15]. Most mosquito larvae have a remarkable
capacity for ionic and osmotic regulation when compared to other organisms in the animal
kingdom. Their ability to survive under extreme conditions has been attributed to strong
transport processes that take place in the anal papillae as well as the midgut epithelium [7].
Due to this mechanism, there is a high challenge in the process of its eradication. There are
various chemicals widely used to kill the vectors, however, their toxicity is high and they also
contribute to the bioaccumulation phenomena in the environment.

Recently, there are many drugs developed based on enzyme inhibition mechanism which are
crucial for normal physiology. Carbonic anhydrase (CA) is one such enzyme ubiquitously
found in all organisms, also in mosquitoes, which could act as a potential drug target for its
irradiation. Hence, in depth understanding of the variations among CA among different
species is required. CA is necessary for mosquito larval alkalization and survival [9]. The role
of CA in the alkalization mechanism of the Aedes aegypti larval midgut was already
demonstrated. It is crucial in the maintenance of pH within the midgut of the mosquitoes [9].
Two a-CAs have been characterized from the mosquito A. gambiae. CA was detected within
the epithelial cells of the mosquito larvae in both A. gambiae and Aedes aegypti using various
methods [8-9, 18, 21, 23]. However, the specific roles of each CA member are unknown.
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CA localization by Hansson’s histochemical method revealed that the enzyme is present in
different regions of the midgut according to each particular species. Even species closely
related such as Ae. aegypti and Ae. albopictus displayed different distribution of CA in the
midgut [9]. Since the development of methazolamide and acetazolamide, novel CA inhibitors
more potent than these two drugs have been developed [20]. Perhaps by taking advantage of
the alkaline pH inside the midgut as well as of these novel inhibitors it might be possible to
develop formulations containing CA inhibitors that become active only at very high pH.

Since different CA isozymes are present in living organisms, an effective mosquito larvicide
based solely on CA inhibition would have to selectively target the mosquito CA without
affecting other species. In order to develop such larvicides, further studies are necessary to
have a better understanding of the structure of the mosquito CA and the environment that
surrounds it [9]. Hence this paper focuses on the physico-chemical and structural
characterization of CA of A. gambiae using in silico tools and compare the features with other
CA sequence of class Insecta.

Materials and methods

Sequence retrieval and phylogenetic analysis

CA sequence of A. gambiae was retrieved from the NCBI databank in the FASTA format.
The BlastP was performed to obtain about 12 similar protein sequences of same and different
Genera. The obtained sequence was subjected to Clustal W multiple sequence alignment
using BioEdit5.0 [26]. Phylogenetic relations among the selected CA of A. gambiae and other
sequences were analyzed based on the Neighbor-joining method [19] using MEGA 4.0 [25].
Midpoint root was done and the confidence level was analyzed using bootstrap of 1000
replications.

Physicochemical properties

Physicochemical parameters of the retrieved sequences were carried out using the EXPASy
server tool ProtParam [12]. ProtParam software analysis was done to understand about the
amino acid composition, molecular weight, instability index, aliphatic index and grand
average of hydropathicity (GRAVY). Prediction of subcellular localization was carried out
using the TargetP webserver [11] (http://www.cbs.dtu.dk/services/TargetP/).

Prediction of CA secondary structure

Secondary structure of CA of A. gambiae was predicted using the EXPASy server [12].
The protein confirmation depends on the number of helix, sheet, and turn of amino acid
sequences in the secondary structure. Self-optimized prediction method with alignment
(SOPMA) was performed to understand the presence of helices, beta turns and coils in the
protein structure. The presence of the helix, sheet, and turn in various CA sequence of
A. gambiae were predicted using secondary structure prediction (PSIPRED) [6].

Homology modelling and validation

Homology model of CA of A. gambiae was predicted using SWISS-MODEL server [2-5, 13,
28]. The template identification was carried out to obtain a suitable template for homology
modelling. The quality of the models predicted were evaluated using VMD 1. 9.1 software
[14]. Root-mean-square deviation (RMSD) values were calculated using the RMSD calculator
and the best homology model was predicted. Further, it was analyzed using PROSA Web
server [22, 29]. Ramachandran plot for the model was developed using RAMPAGE software
[17].
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Results and discussion

Phylogenetic analysis using Neighbor-joining method

CA of A. gambiae was retrieved from NCBI databank. Using this as a query, 12 CA
sequences of class Insecta were obtained by performing BlastP. Phylogenetic tree was
constructed following the Multiple sequence alignment. Fig. 1 depicts the Neighbor-joining
tree among the CA sequence of class insect. The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the
branches. Although, it is to be noted that bootstrap values provide a confidence interval that
contains the phylogeny estimated from the repeated sampling through bootstrap analysis.
Rather than measuring the accuracy of the data, bootstrap values represent the repeatability of
the data that resulted after 1000 replications. The evolutionary distances were computed using
the Poisson correction method and are in the units of the number of amino acid substitutions
per site. The analysis involved 13 amino acid (AA) sequences (12 CA sequences
representative of class Insecta and the CA sequence of A. gambiae). CA sequences of
Drosophila sp. were the most primitive whereas, CA of Aedes sp. were most divergent.
CA sequences of Anopheles sp. were neighbours and formed the divergent part of the tree.

100 ——— Aedes aegypti AAL72625.1
100 Toe """ 4edes albopictus XP 019558658.1

oo [ o011 — O Culex quinguefasciatus XP 001864720.1

pg| O 3',-"|T Anopheles gambiae AAQ21365.1

L& 0.00 IT Anopheles darlingi ETN63333.1
_ — Culex guinguefasciatus XP 001864721.1
0.05 100 — Harpegnathos saltator EFN76128.1
035 13 s Pseudomyrmex gracilis XP 0202797821
0.01 I:.T Bombus terrestris XP 003398613.1
100 — Lucilia cuprina XP 023305113.1
= 100 — Drosophila obscura XP 022234185.1
PRE 08 — Drosophila willistoni XP 023034040.1

007 SﬂlT Drosophila sechellia XP 002031780.1

0.03 |T Drosophila hydei XP 023163548.1

Fig. 1 Neighbor-joining tree showing evolutionary relationship
among CA sequences of A. gambiae using MEGA 4.0.
Boot strap values are depicted at the nodes and branch lengths are also shown.

Physico-chemical parameters of CA

While comparing the physico-chemical parameters of the CA of the 13 sequences, there were
many variations observed among the sequences (Table 1). The number of amino acid residues
varied from 293 to 312. CA sequence of A. gambiae comprised of 309 amino acid residues
with a molecular weight of 34.56 kDa and theoretical pl of 6.34. However, the molecular
weight of all CA sequences was in the range of 32.71 to 34.87 kDa. Similarly, pl was also
found in the range of 5.12 to 6.45. But, in case of the 13 CA sequences used in the study, pl
was in acidic range. Total number of negatively charged residues (Asp + Glu) and positively
charged residues (Arg + Lys) were calculated for the 13 sequences.
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Table 1. Physicochemical characterization of CA sequences

Total number N N _ _ Dominant
Organism  AA MW pl of residues I_nstablllty Stability A!IphatIC GRAVY residues
a b index (1) status  index

- + Residues %
Anopheles
qambice 309 34566.34 29 25 3678 stable 8644 -0212 Leu 10.7
Qgﬁ?r:‘gi'es 312 3400645 26 23 4011 unstable 10279 0072 Leu 107
Aedes 208 32.716.14 28 22 3574 stable 87.72 -0.167 Leu 97
aegypti
Aedes 307 33.686.18 28 22 3468 stable 9306 -0.121 Leu 117
albopictus
Culex
quinque- 3203487608 30 23 3443 stable 9356 0.003 Leu 11.6
fasciatus
Drosophila 50/ 3407532 36 23 3317 stable 9362 -0176 Leu 109
obscura
Lucilia 305 34.725.12 40 27 3348  stable  90.46 -0275 ILe 8.2
cuprina
Drosophila 50/ 3391520 35 21 3680 stable 9359 -0121 Leu 102
sechellia
E;é’:ioph"a 303 33.75555 31 20  37.17 stable 9426 -0202 Leu 109
gfg‘cjﬁgmyrmex 2033318583 32 26 3292 stable 99.42 -0.140 Leu 10.6
Drosophila 500 3306523 33 20 3909 stable 9462 -0118 Leu 111
willistoni
Bombus 206 3325629 26 21 2068  stable 9554 -0140 Leu 11.1
terrestris
':a?trgt%%”athos 208 33506.34 29 25 2934  stable 89.16  -0.158 Val Ser 10.1

3 _ negative; ° — positive.

CA sequence of A.gambiae had about 29 negatively charged residues, whereas only
25 positively charged residues were present. In all the sequences, the number of negatively
charged residues was high in number than the positively charged residues. Instability index
(1) was calculated and all the CA sequence except that of A. darlingi were classified as stable
protein. The CA sequences had a higher aliphatic index and ranged from 86.44 to 102.79.
Moreover, the GRAVY values was negative in all species studied. It was notable that the
bacterial strains had lower GRAVY values indicating the better possibilities of aqueous
interaction [16]. The majority of the CA sequences were Leu rich (9.7-11.7%), however, the
CA of Lucilia cuprina was Isoleucine rich (8.2%) and Harpegnathos saltator was Val and Ser
rich (10.1%).

Subcellular localization prediction

Based on the TargetP v1.1 prediction, the CA of A. gambiae was classified as mitochondrial
targeting peptide (mTP). p-CAs have been identified in the mitochondria of a variety of
different organisms, such as plants, green algae, fungi [1, 10] and Drosophila melanogaster
[24]. In mTPs, arginine, alanine and serine are over-represented, while negatively charged
amino acid residues (Asp and Glu) are rare. Furthermore, the mTPs are believed to form an
amphiphilic a-helix, which is important for the import of the nascent protein into the
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mitochondrion [11]. Parasites rely on complex metabolic systems to satisfy their lipid needs.
The present findings open a new avenue to investigate whether mitochondrial f-CAs are
functionally involved in these processes. The single S-CA of Anopheles darlingi is the first
predicted secretory 5-CA.

Secondary structure of CA

Comparison of secondary structure components obtained from SOPMA revealed that there
were variations in the values of each component. In 13 CA sequence analysed, random coils
were the dominant component found in the range of 43.24-53.29% (Table 2). Similarly, the
beta turns were present in lowest percentage (1.97-5.37%). In case of Anopheles gambiae, the
CA sequence comprised of 28.16% alpha-helix, 22.33% extended strands, 3.24% beta turns
and 46.28% of random coils. The graphical representation of the secondary structure of CA of
A. gambiae is depicted in Fig. 2. This was not even comparable with the structure of
Anopheles darlingi CA though belonging to the same genus. Anopheles darling had a higher
percentage of beta turns and random coils and lower percentages of a-helix and extended
strands when compared to CA of A. gambiae. Though studies reported that a-helices are most
stable element in protein folding and are the first element which formed during protein
folding [27], all the CA proteins studied were classified stable.

Table 2. Percentage of amino acids sequence
forming secondary structure in SOPMA prediction

Extended Beta Random

Organisms a-helix = ond turn coils
Anopheles gambiae 28.16 22.33 3.24 46.28
Anopheles darlingi 24.68 22.44 4.17 48.72
Aedes aegypti 24.16 24.50 4.03 47.32
Aedes albopictus 27.69 20.52 2.93 48.86
Culex quinquefasciatus ~ 22.19 24.69 4.06 49.06
Drosophila obscura 26.64 24.34 2.96 46.05
Lucilia cuprina 25.57 22.95 1.97 4951
Drosophila sechellia 23.03 19.08 4.61 53.29
Drosophila hydei 20.13 22.44 4.95 52.48
Pseudomyrmex gracilis ~ 28.33 22.87 4.10 44.71
Drosophila willistoni 30.49 20.66 3.93 44.92
Bombus terrestris 25.34 27.36 4.05 43.24

Harpegnathos saltator 20.18 21.48 5.37 52.35

Homology model of CA

Homology model of CA of A. gambiae was predicted using SWISS-MODEL server and the
model quality was evaluated. Among the 3 templates (3ryv.1.A, 4lu3.1.A and 4ygj.1.A) used,
the model predicted using the template 4lu3.1.A had a least Z-score of -7.81 based on prosa
web analysis (Fig. 3). This was also supported by the least RMSD score from VMD analysis.
Ramachandran plot was depicted for the 3 models, and for the model obtained from the
template 4lu3.1.A, 98.1% of the residues were in favoured region and 1.9% in the allowed
region. No residues were found in the outlier region. While other models had only 96.5%
residues within the favoured region. The models obtained were visualized using swiss-pdb
viewer and depicted in fig (Fig. 3e).
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Fig. 2 Predicted secondary structure of CA sequences of A. gambiae
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Fig. 3 Homology model of CA sequences of A. gambiae predicted
using SWISS-MODEL and the ProSA web quality analysis of the model.
Best model predicted was using the template 4lu3.1.A;

a) and d) for model generated from template 3ryv.1.A;

b) and e) for model generated from template 4lu3.1.A;

c) and f) for model generated from template 4ygj.1.A.

Conclusion

This paper elucidated the structure and physico-chemical properties of CA of A. gambiae,
a vector that transmits the Malaria disease. The Leu rich, stable protein had dominant random
coils. The activity was stable in a wide range of temperature due to higher aliphatic index.
The structure predicted could help in developing a CA inhibitor based drug development as a
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larvicide. Though a preliminary approach, this could lead to better larvicidal drug with less
toxic effect to the environment and could replace the use of chemicals that contribute to the
bio-magnification effect.
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