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Abstract
Mosquitos are the most dangerous animals in the world, causing over 1 million human deaths Did the duplication event responsible for insect CCC2/3 occur in Will NH,Cl treatment upregulate any cation-coupled
annually by transmitting diseases such as Zika, malaria and dengue fever. A potential mosquito crustaceans? cotransporters in Aedes aegypti larvae?
control strategy is to interfere with their unique osmoregulatory processes that include taking .
in salt and water with each bloodmeal and transitioning from aquatic larvae to terrestrial adults. Homo sapiens NP 0011394351 ] KCC aeNKCC1 aeCCC2 aeCCC3
We studied one group of osmoregulatory protein, known as cation-coupled cotransporters 100—Hya|e”a azteca XP 013005645 1 — —
(CCCs). Using quantitative PCR, we measured the expression of Aedes aegypti CCCs in larvae — Marsupenaeus japonicus AM044056 1
exposed to varying levels of NH,Cl, one transport protein (aeCCC3) was upregulated in 1 mM |51 Portunus trituberculatus ANU78813 1 Malacostraca
NH,Cl. compound associated with waste products. In initial trials we found that In a separate 85 L Scylla paramamosain ANJ60741 1
project, we studied the family of membrane proteins that the CCCs belong to, the solute carrier 100| ;|linectes sapidus AAF05702 1
12 family (SLC12). By making phylogenetic trees, we assessed the evolution of the SLC12 family 26 100 — Homo sapiens NP 000329 2 ]
from a basal eukaryote. We also evaluated Aedes CCCs in the context of other animal CCCs. We , Human NKCC
: . o —— Homo sapiens NP 001037 1
found that aeCCC2 and aeCCC3 seem to result from an insect specific gene duplication event, 88
and thus are not closely related to vertebrate transport proteins. f Manduca sexta Msex008440 0] - L .
28| — Anopheles gambiae AGAP0O01557 Insect NKCC oMM imM 5 mM oMM 1mM 5 mM oMM ImM 5 mM
an| 89— Aedes aegypti AAELO06180 [NHACI] [NH4CI] [NH4CI]
I ntrOd UCUO N Ll—Daphnia pulex EFX74118 1 ] Branchiopoda . , , , , , ,
100 ! Daphnia magna JAN35001 1 Fig. 4: Differential expression of three putative Na*-coupled cation chloride
94 — Manduca sexta Q25479 1 cotransporter (CCC) gene transcripts across Ae. aegypti larvae exposed to
Background Mand 2 Msex014748 varying levels of NH,Cl for 72 hr. Smaller dCT values indicate higher
We have observed that knockdown of the Na*/K*/2ClI- cotransporter (NKCC, or aeCCC1) and T AnaHRa Smaa TR expression. N = 9. Each sample was pooled from 8-10 larvae. Ribosomal RNA
aeCCC2 caused higher levels of hemolymph NH,Cl in Ae. aegytpi larvae (1). As larvae live in 100 | [ Aedes aegypti AAELO09888 Insect CCC2/3 ‘Rps5’ = internal control. Error bars = SEM. For aeNKCC1: ANOVA, F = 0.7303,
aquatic environments that are often polluted with high concentrations of ammonia, it is 824_—Aedes aegypti AAELO09336 df,., =2, df__. =12, p = 0.502. RQ, = 1.1 , RQ.,=1.5 . For aeCCC2:
probable that some protein is responsible for NH,* movement in larvae. NH,* can also —— Anopheles gambiae AGAP003274 ANOVA, F =1.5756, df,,, =2, df,. .. =12, p=0.2468, RQ; = 1.8, RQ; = 1.4.
substitute for K* in some cation-coupled cotransport, so these cotransporters serve as 17 Anopheles gambiae AGAP003275 For aeCCC3: ANOVA, F = 2.871, dfy,, =2, df,,, =12, p = 0.096, RQ;,,,=3.5,
potential candidates for NH,* movement. RQgy=1.7.
At its most ancestral root, the NKCC seems to originate in animals. Other members of the 0050
SLC12 superfamily of proteins, such as CCC-interacting proteins (CIP1) and K*CI Fig. 2: Phylogenetic tree with crustacean and insect CCCs, built in MAFFT
cotransporters (KCC), are seen in animals as well as other eukaryotes, including fungi and by NJ (100 bootstraps) on all gap-free sites. All crustaceans have only one
protists. Insects’ Na-dependent CCC duplicated after the divergence of vertebrates from copy of a gene with sequence similarity to Ae. aegypti NKCC. Branchiopoda
inverteabrates, and a second duplication event is responsible for the third copy of CCC (2, group more closely to insect CCC and insect NKCC. Malacostraca group Phvlozenetic data:
Fig. 1). In mosquitos, aeCCC3 is seen significantly more in larvae than in adults (3,4), and this separate from the insect CCC2/3s and branchiopoda. yios '

* Insects experienced a basal duplication event to the ancestral NKCC,

and mosquitos and lepidoptera experienced a second duplication
Viosquito CCC3 N . event later in their evolution.

Anopheles gambiae AGAP003275 Are Na-dependent CCCs specific to animals? Vertebrates experienced a gene duplication to their NKCC

suggests that aeCCC2 and aeCCC3 may have a functional difference.

Aedes aegypti AAELO09888
61

| | independent of the arthropod duplication event.
Aedes aegypti AAELO09886 27 Strongylocentrotus purpuratus NP 001106707 1 j Echinodermata . . . . .

100 Mosquito CCC2 24 Hydra vulgaris XP 004212377 1 ;!C”ida”a Crustacean NKCC did not experience a gene duplication event, and it
» Anophelesgambiae AGAP003274 —— Trichoplax adhaerens XM 0021105771 ;5,04 may be that this ancestral NKCC gene has changed more to meet the

6 —— Trichoplax adhaerens XM 002110576 1 Y g g

Manduca sexta Q25479 1 Fig. 1: Phylogenetic analysis of Acropora dki)%itifer? XP 0157487161 "] Cnidaria | needs of crustaceans as a result
S . 21 Caenorha i.tis elegans NP 001255790 1 Cnidaria . . . ) _
cation-chloride cotransporter (CCC) L Octopus bimaculoides XP 014780902 1 :rl]'\/'ollUlsca Neither fungi nor protists have Na-dependent chloride cotransporters,
—— Aedes aegypti AAEL0O06180 amino acid sequences by the e HeIobde_IIa robusta XP 0090.13574 1 Annelida . _ _ .
100 hted pal hod with Amphimedon queenslandica XP 019858166 1 ] Porifera and instead have CIP1 proteins, another member of the SLC12 family.
— o ncapootssy  insect NKGC unweighted pair group method wit 62— Aedes aegypti AAELO098SS . . .
gi — ANophelesgamblae nsec arithmetic mean. Gaps are excluded 9335 Anopheles gambiae AGAP003275 These reSUItS agree Wlth thOSE pUb|IShEd IN (5).
] o Anopheles gambiae AGAP003274 PCR d .
Manduca sexta Msex008440 from the ana|y5|5- Modified from 100 Aedes aegypti AAELO09886 q ata:
&7 Piermarini et al 2017. o Dot L NU78813 1 | Na-dependent cCC * No significant difference between these conditions, but aeCCC3 trends
—— Homo sapiens NP 001037 1 85 97 Aedes aegypti AAELO06180 . . .l e .
- uman NKCC 19191 Anonheles aambiae AGAPOO1557 towards being e>.<|f.)ressed less in the 1mM and 5mM conditions than in
Homo sapiens NP 000329 2 Manduca sexta Msex008440 the control condition.
46 52| — Homo sapiens NP 001037 1
: 92 — Homo sapiens NP 000329 2
Homo sapiens NP 0011393435 1 J KCC 26 Plasmodiophora brassicae CEP01720 1

Methanosarcina acetivorans WP 011024382 1
Monosiga brevicollis XP 001742701 1 C I . F t Q 'ti
= 84 — Achyla hypogyna 0QS00948 1 /
0.10 61 100 _r—SaproIegnia parasitica XP 012201192 1 Heterokonta (Protists) O n C u S I O n u u re u eS O n S
100 — Aphanomyces astaci XP 009828464 1
Homo sapiens NP 064631 2 H. sapiens CIP1
72 Basidiobolus meristosporus ORX88847 1
M Et h O d S 100 82 Spizellomyces punctatus XP 016612389 1 .
23 100 — Tilletia controversa OAJ29483 1 Fungi Future Questions:
L Ustil dis XP 011390902 1 . : : : :
. | : 72 Witc'k""egrﬁa”rfgm'jcesanomamsxp 019038954 1 * Would a higher concentration of NH,Cl| induce changes in expression
Animal Rearing: Aedes aegypti eggs were obtained from BEI Resources (LVP-IB12) or the lab’s colony. Eggs _ Naegleria gruberi XP 002675623 1 of aeCCC2/3?
were hatched under a vacuum for 3 hours in ~3 cm standing 0.1% sea water and larvae were raised in 0.1% —Salpingoeca rosetta XM 004997226 1 - | oy, . jacaliate '
95 —— Monosiga brevicollis XM 001743609 1 ; : : :
sea water for 72 hours. Larvae were fed daily with 3 parts TetraFin to every 1 part yeast extract ad libitum. Homo sapiens NP 0011394351 7] KCC WII.I fu.tfjre rgpllcates of this qPCR data reveal that the trend in aeCCC3
The larvae were randomly sorted into 3 separate rearing conditions: 0 mM NH,Cl, 1 mM NH,CI, and 5 mM — is significant:
NH,CI. The larvae were fed ad libitum once per day for another 48 hours. The water was changed once (48 hr) At what point in the evolution of animals was a true NKCC evolved?
and the larvae were starved for the last 24 hours prior to RNA isolation. Colony was maintained with larvae . . _ _ . How do other insect species with multiple CCCs differ between their
raised in tap water, fed ad libitum daily as larvae and fed ad libitum with sucrose solution (10%) as adults. Fig. 3: Phyl-ogenetlc analysis of SLC12 farTNIy prote.ln >€QUENCES across oaralog sequences?
Pupae were transferred to an adult cage prior to eclosion. Blood feeding was performed with rabbit blood representatives of basal eukaryotes, fungi, and animal taxons. Built in
using a blood feeding apparatus. All organisms were stored in an incubator at 28 °C (75% RH) on a 12 hr light/ MAFFT by NJ (100 bootstraps) on all gap-free sites. Fungi form a distinct
day cycle. clade of CIP1. Protists group separately from the fungi and animals, but as
they do not group into the animal clades, then it seems that they do not REfe rences

RNA Isolation, cDNA synthesis, and qPCR: RNA was isolated from fourth instar larvae using Trizol reagent and

possess Na-dependent cation cotransporters, and most likely possess

protocol recommended by the manufacturer (ThermoFisher). RNA samples were purified with TURBO DNA- orotein that is CIP1-like. All animals seem to posses Na-dependent cation

free (Ambion) and Clean & Concentrator (Zymo) according to manufacturer instructions. The concentrations . . e dits and funei d : (1)Chen, J. (2017). Roles of Na-dependent cation chloride cotransporters in
of the RNA samples were measured by spectrophotometry. Total RNA (2.50 pg) was reverse transcribed to cOtransporters, while protists and tungl do not. osmoregulation by larval Aedes aegypti mosquitos. Kenyon College Honors Thesis.

(2)Piermarini, P. M., Akuma, D. C., Crow, J. C., Jamil, T. L., Kerkhoff, W. G., Viel, K. C.
M. F., & Gillen, C. M. (2017). Differential expression of putative sodium-dependent
cation-chloride cotransporters in Aedes aegypti. Comparative Biochemistry and
Physiology Part A: Molecular & Integrative Physiology, 214(September), 40—49.
(3)Akuma, D. (2014). Molecular Characterization of Na+-dependent Cation-Chloride
Coupled Cotransporters in the Yellow Fever Mosquito Aedes aegypti. Kenyon College
Honors Thesis.

(4)Jamil, T. (2017). Gene expression of Sodium-Dependent Cation-Chloride
Cotransporters (aeCCC1-3) in Adult and Larval Tissue of Yellow Fever Mosquitos
(Aedes aegypti). Kenyon College Honors Thesis.

cDNA using the TagMan polymerase kit (Applied Biosystems) under the following conditions: 50 pL/reaction,
25 °C for 10 min, 42 °C for 30 min, 95 °C for 5 min, 4 °C infinite hold. Template RNA without reverse
transcriptase added to the reactions served as the negative control. Relative levels of transcript were
quantified using SYBR Green mix (ABI), with primers for ribosomal protein S5 (aeRsp5) as the endogenous
control and primers to detect aeNKCC1, aeCCC2, and aeCCC3. The template-free cDNA was used as the
negative control. The gPCR ran as follows: 50 °C for 2 min, 95 °C for 10 min, 40x [95°C for 15 seconds, 60 °C for | would like to thank to Professor Chris Gillen for his guidance in my project
1 min], with dissociation stage (95 °C for 15 seconds, 60 °C for 1 min, 95 °C for 15 seconds, 60 °C for 15
seconds) on the 7500 RT PCR System (ABI). DNA levels were quantified using dCt values and compared by
ANOVA
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