LOCALIZATION AND FUNCTIONAL ANALYSIS OF
AN AQUAPORIN GENE (AQP 4886_gp) FROM

TSETSE FLY, GLOSSINA PALLIDIPES

Bargul Joel Ltilitan

A thesis submitted in partial fulfillment for the D egree of Master of
Science in Biochemistry in the Jomo Kenyatta Univesity of

Agriculture and Technology

2011



DECLARATION

This thesis is my original work and has not beezsented for a degree in any other

University.

Signature..........c.coveiiiiiiie . Date.......cooovveiiens

Joel Ltilitan Bargul

This thesis has been submitted for examination withapproval as University

Supervisors

1.Signature.........ooovevieiieinienanns Date.......oo v
Dr. Daniel Masiga
ICIPE, Kenya

2.Signature.......coooeeve i vi e Date.......coovviiiiiii

Dr. Fred Wamunyokoli

JKUAT, Kenya



DEDICATION
| dedicate this thesis to my: Dear parents; MeitBaggul (my father) and Samuli
Bargul (my mother), Brothers; Fereiti Bargul andipa Bargul, and Sisters;

Nuchulo Ntiliya, Athiya Mirkakona, and Dagati Harao

Your continued support, prayers and encouragenanehabled me reach this far
and produce this thesis. | will not forget thatr the only one in our family who got

an opportunity to go to school. This motivates meut more effort!



ACKNOWLEDGEMENTS
| sincerely thank the Almighty God for all His goweks. He has granted me the gift

of life and the challenges that it entails.

My appreciation goes to Dr. Daniel Masiga and Died=Wamunyokoli for their
continued support and guidance during the entirmgef my work. | am grateful to
Prof. Lucy Mutharia, of the Department of Moleculand Cellular Biology,
University of Guelph, Canada, for allowing me targaout part of the work in her

laboratory.

| thank my employer, Jomo Kenyatta University ofrisglture and Technology
(JKUAT) for awarding me a scholarship to undertalkeMSc. programme and in
addition, for appointing me to the position of Tiemg Assistant in the Department
of Biochemistry. | need to thank the Vice ChanaellBrof. Mabel Imbuga, for
granting me study leave to pursue my MSc. studiigssincere gratitude goes to Dr.
Daniel Kariuki (the current chairman of Biochemysepartment, JKUAT) and

other members of the department for their support.

| am thankful to thecipe’s (International Centre of Insect physiology and I&gg)
Dissertation Research Internship Programme (DRIi#) the World Federation of
Scientists (WFS) programme for awarding me schbipssduring the period of my

research.

Lastly, but not least, | thank my fellow studentsl astaff in the Molecular Biology
and Biotechnology Department (MBBD, ICIPE) for theiontinued support and

encouragement.



TABLE OF CONTENTS

DECLARATION ..ottt ettt e et et e et e e neeans I
DEDICATION ..ot et et e e e eeeeees "
ACKNOWLEDGEMENTS ...ttt et v
TABLE OF CONTENT S ... e e e eean \Y
LIST OF TABLES ... .o e en s IX
LIST OF FIGURES ... e e X
LIST OF APPENDICES....... e ee e Xl
LIST OF ABBREVIATIONS ...t X
AB ST RACT e et e XV
CHAPTER ONE ..ottt e e e e 1
1.0 INTRODUCTION AND LITERATURE REVIEW ........ccc. ciiiiiiiiiiieee 1
1.1 BACKGROUND INFORMATION. ... ttttteaeaaessannnnsnnnneeeaeeesasanannnmnnnsseseeneeaaeesaannnns 1
L1 2T SETSE CONTROL ...iiitiiiieiitiise ettt e et e et seraa e e e a e e e s e nea s 3
1.2.1 INSECHCIARS .....ccoeieiiieeii et 3
1.2.2 Odour-baited trapS..........oeeiiiiiiccceemr e e 4
1.2.3 Sterile iNSECt tECANIQUE ..........uit et 5
Y Y@ TN Y =T0 ] = 11 N PN 5
1.3.1 Structure of aquaporin MOIECUIE .......commieeeiiiiii e 7
1.3.2 INSECT AQUAPOIINS ... eeeeee et e e e et ettt e e e e e eeeebnneee e 7
L. ARNA INTERFERENCE. ... ccttuitettiaeeeeitseeees e e eeat s e emmn e e eesi e e e e enn e e e eenneeeeens 9
1.4.1 RNA MECNANISIM ....uiiiiiiiiiiie et e 9
1.5STATEMENT OF THE PROBLEM .....ctettteeeitinaeieettneeeesniaseeensaeeeennnseeeenneeeees 10
1.6 JUSTIFICATION OF THE STUDY....uuiiittiiiiiirinieirriin e sesiissessssssssai e sennaeeaens 11



A o N o TO i =t ST 12

L.BOBIECTIVES. ..cctiieiiet ettt ettt ettt e et e e et e e e e et e e e e enn e e e e e nneeeees 12
1.8.1 MaAIN ODJECHIVE ....ceeiiiiiie ettt eeeeees 12
1.8.2 SPECIfiC ODJECHIVES.......vuiieiiiii e et 12

2.0 MATERIALS AND METHODS ... 13

2. L ANALYTICAL PIPELINE ...iitittiseteti ettt te e st seraa e e e s eai e eaa s 13

2. 2 INSECT S ettt ettt 13

2. 3RNA EXTRACTION ..ttiiiiitiiieiitit e eesii s e s et s s e et s s ses s e e saba e s s aai s e e aeaaeeeees 13
2.3.1 DNase treatment of total RNA samples ..., 15
2.3.2 Determination of RNA yield and quality.................oeiiiiiiiiiiiiiiiinnnnen. 16

2.4REVERSE TRANSCRIPTIONPOLYMERASE CHAIN REACTION....ceeeeeeeiiiiiiieeeeansn 17
2.4.1 First strand SYNENESIS .........ccoouimmmn et 17
2.4.2 Primer deSIgN ....cooieiieiiii e 17
2.4.3 PCR amplification of first strand cDNA .............ccooiiiiiiiiieei e, 20
2.4.4 Gel @XIrACHON .....coiii e s 21

2.5TISSUE AND LIFE STAGE DISTRIBUTION ORAQP 4886 _gp mRNA .................... 22

2.6 GENE CLONING ANDASRNASYNTHESIS FOR MICROINJECTION .....cvvvvvvvenenenenns 23
2.6.1 Preparation of LB-agar plates .........ceeeeeeeriiieeeiiiiieeiiiii e e 3.2
2.6.2 Ligation and transformation...........ccccccveveeuiiiin e 24.

2. 7 MICROINIECTION ... tetteeeeti e eeetts e e e eei e et eet e e e eeen e e e e e es e e eenn e e e ennnnaaeees 30
2.7.1 Verification of gene SilenCing ........cccueeiiiiiiiiiiiin e 32.
2.7.2 Tsetse fly SUrvival .............ui e 33

2.8HETEROLOGOUS PROTEIN EXPRESSION FOR ANTIBODY PRODUON ................ 33
2.8.1 GENE CIONING c.evtiieiii e e e e e e 33

vi



2.8.2 Sub-cloning into PRSET-A.......coiiiiimme e 33

2.8.3 Sequencing of pPRSET-A CONSIIUCT ......cceeeeiiiiiiiie e 35
2.8.4 Induction of protein eXPreSSION..........ccev e eiiiiiiiiiiaa e 5.3
2.8.5 Re-cloning in PBADHISA...........uiiii et 38
2. 9DATA ANALYSIS .oiiiiiiiitiie ettt s e e st e e e e rea e e 40
2.9.1 Bioinformatics and phylogeny ..........coeeeuviiiiiiiiie e 40
2.9.2 Statistical analYSiS .......covvvvieiieeee e 41
CHAPTER THREE ... . 42
I T 0 o ] U 42
B L RT-PCRRESULTS...cettiiieiette ettt e e e e e e r e 42
3.2TISSUE AND DEVELOPMENTAL STAGE EXPRESSION ORQP ........ovviiiiiiiiiiiinne. 43
3.2.1 TISSUE EXPIESSION ..ceevviinneeeeiiitaeaeaenii e e e eeeeeeeii s e e eeeeeeeni e aeees 43
3.2.2 Life stage expression of AQP 4886 _gP .ceuueeervreriiieeieiiiiieeiiiieeeeiinnn 44
3.3AQP 4886 QSEQUENCE ANALYSIS. . uuituiiitiiitieeiiaenieetieetnesiesnneetnsanesseeenns 45

3.3.1 Topology and homology of AQP 4886 gp. . eeevrieeereiiiieeiiniinnnnnn 45

3.3.2 Sequence comparison and evolutionary reksttips of AQP 4886 _gp ..48

3.3.3 PhYIOGENY ... e e 52
3.3.4 Prediction of putative AQP 4886 _gp function................cc.ceeeerennnnn... 53
B ARNAI STUDIES ... cetttit e ettt ettt e e e e et e e e e e e e ab b e e e e e e eeenenanns 56
3.4.1 Gene cloning and SEQUENCING ......... o aaeeeeeeermuninnaaeeeeeeenenaaens 56
3.4.2IN VItro tranSCHPLION ....uvvii et e e eeeees 56
3.4.3 Verification of gene SilenCing ........ccceiiiviiiiiiiieiiie e 57.
3.5STATISTICAL ANALYSIS AND DATA PRESENTATION .....ueieriieeeerteeeeeniaeeeennees 60

Vii



3.6PROTEIN EXPRESSION .....uueieetiieeeetieeeesneaaeeess e e eeameneesnaseeennin e eeenneeeennns 62
3.6.1 Expression of tsetse fly protein (AQP 4886 igjk. cOli...........c.ouue.... 62
3.6.2 Observation on growth profile of CellS . .oovvriiiiiiiiiis 63

3.6.3 Detection of AQP 4886 _gp by SDS-PAGE and Wfesblot analysis....66

3.6.4 Similar work on aquaporin expressiofEircoli.........coooevvveieiiiiiineenenn, 67
3.7EXPRESSION INDBADHISA VECTOR......uiiiiiiiieeeii et e e 67
3.7.1 Cloning into pBADHISA and SEQUENCING..ccuueivviiieeiiiieeeeiiie e, 67

3.7.2 Expression of truncated AQP 4886 _gp and tleteby Western-blot....68

CHAPTER FOUR. ...t e e e e eanaeens 71
4.0 DISCUSSION ....ouiiitiiii ettt ettt e e e e e e 71
A L CONCLUSION. ...ttt e e eee e e e et e e e ee s e e e e e e e e e e e e e ee e e e e e e e e e ennnneeeeenaneeeees 74
4.2 RECOMMENDATIONS et eetette s e e ee et e et e e e s e e e e e e e e e e e eena e e e ennnns 76
REFERENGCES ... ettt e e e e eea e 77
APPENDICES ... ..ot et 88

viii



Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

LIST OF TABLES

Primer sequences for construction of clorang

EXPrESSION VECTOIS. ... et ittt it e e e e e aeees 20
The six transmembrane helices of AQP 4886 _gp.-c.....cvcvve... 46
Similarity of AQP 4886 _gp deduced protein ssgqe. .. ................ 50

Microinjection experiment on male tsetse @jpssina pallidipes....60
The average proportion of fed flies in differgroups................... 61

Expression of AQP 4886 gpHiCOli........coovviiiiiiiii, 65



Figure 1

Figure 2
Figure 3
Figure 4
Figure 5
Figure 6a
Figure 6b
Figure 6¢
Figure 7a
Figure 7b
Figure 8
Figure 9

Figure 10

Figure 11

Figure 12

Figure 13

Figure 14

Figure 15

Figure 16

LIST OF FIGURES

Distribution ofgambiensendrhodesienseleeping

sickness in sub-Saharan Africa.............cooocoi i 3
General RNAMEChaniSM..........cooiie i 10
Experimental design flow chart...................coooi i, 3.1
The circular phylogenetic tree view of the codiegions.......... 19
Microinjection of tsetse fly..........ccooviiiii i 31
Total RNA INtEgrity....c.ce i, 42
RT-PCR ProdUCTS... . ... ittt e e e 42
Gel purified PCR products...........c.coveiieviie i veeeenn 42

The tissue expression of AQP 4886_gp and AQB 030........44

The life stage expression of AQP 4886 _gp...........ccvvuumens 45
The membrane topology of AQP 4886 _gp.....................47.
The 3D structure of AQP 4886 gp........coeevvveevveeenn ... 8.4

Multiple sequence alignment of tA&P 4886 gp
with related AQP channel prosein................................51

A dendrogram ofs. pallidipesAQP 4886 gp deduced

protein sequence to other reldP-family sequences.............53
Amino-acid sequence alignment..............c.cooooiiiiii e 55
Purified dsRNA for microinjection studies........................57
Verification of gene-knockdown...............cocoiiii e 58

A graph that compares means and the standard efrors
the three groups......ooo i e e 61

Protein expression . coliBL21(DE3)pLysS..................... 63



Figure 17 The growth curve of transformed BL21(DE3)pLysS

IN LB Medium.......oooiii e 64
Figure 18 Western-blot detection of purified His-AQP 4886........... 66
Figure 19 PCR amplification results of full length andricated

AQP 4886 gp gene.......coiiiiiiiii i e 68
Figure 20 Expression and Western-blot detection of peuifi

6xHis-AQP 4886t...........cc.cooviiiiii .09

Xi



LIST OF APPENDICES

Appendix 1 Sequence results after cloning AQP 4886_gp gene

INTO VAriOUS VECIOIS. .. .. eie i e v e e e 88
Appendix 2 Common laboratory reagents............ccooevviiiie e ciiiiinnnns 91
Appendix 3 Reagents preparation for Laemmli SDS-PAGE................ 92

Xii



AQP
bp

°C
cDNA
DNA
dNTPs
dsRNAi
DTT
EDTA
EST

g
HRP
VT

kb

mL
mM
Min

MRNA

PBS
pmol/pl

RNA

LIST OF ABBREVIATIONS
Aquaporin
Base pair
Degree Celsius
Complementary DNA
Deoxyribonucleic acid
Deoxyribonucleotide triphosphates
Double-stranded RNA interference
Dithiothreitol
Ethylene diamine tetra-acetic acid
Expressed sequence tags
Gravitational force
Horse radish peroxidase
in vitro transcription
Kilobase
Molar
Millilitre
Millimolar
Minutes
Messenger RNA
Significance level
Phosphate buffered saline
Picomole per microlitre

Ribonucleic acid

Xiii



rpm Rounds per minute
rRNA Ribosomal RNA
Sec Seconds

SDS-PAGE Sodium dodecyl sulphate-polyacrylamide gel elgdimesis

T.A.E. Tris-acetate-EDTA
T.B.E. Tris-borate-EDTA
T.E. Tris-EDTA

U.V. light Ultra-violet light

\% Voltage

ML Microlitre
Hg Microgram
% Percentage

Xiv



ABSTRACT

Tsetse flies are vectors of African trypanosomies,drotozoan agent of devastating
disease, trypanosomiasis that afflicts both hunaawalsanimals. Currently, there is no
promising vaccine in the horizon and treatmentrégfare further constrained by the
rapid increase in parasite drug resistance obsenvedtients. In addition, little effort
is being made to develop new and effective drudterAative methods to control
trypanosomiasis and its transmission are therefequired. The trypanosome
parasite develops into its infective metacyclicgstan the salivary glands of the
tsetse fly, where the saliva provides a specifidioma for its maturation and also
becomes the fluid vehicle for the transfer of theagites to the host through a blood
meal. Water exchange across the salivary gland mamaloccurs through aquaporin
(AQP) water channels in brown dog ticRhipicephalus sanguineudhis study
focused on the role(s) played by a putative wakemael protein identified in the
salivary glands of tsetse flzlossina pallidipesin relation to feeding and survival.
The salivary gland AQP gene (herein named AQP 4&8% a homolog of GMsg
4886 gene from the transcriptome Glossina morsitans morsitansvas PCR-
amplified and cloned fror®. pallidipes The AQP 4886_gp protein has a predicted
molecular mass of 25.222 KDa. Topographic analysggested that AQP 4886 _gp
has the general aquaporin topology and possessesdmserved ‘NPA’signature
motifs (Asn-Pro-Ala) found in aquaporins. Multipgequence alignment and protein
distant tree plotted using Neighbour-Joining metisbdws that AQP 4886 gp is
more closely related to many insect AQPs than heates’. The AQP 4886 gp

transcript was localized to the salivary glands,pigaian tubules, and midgut.

XV



These tissues are involved in high rates of wateh&nge in insects. The gene was
detected in different life-cycle stages of the flgrva, pupa, unfed teneral fly and
adult tsetse fly using semi-quantitative reversmdgcription (RT)-PCR. Functional
studies of AQP 4886_gp were carried out using RMArference (RNA technique,
where gene-specific double stranded RNA (dsRNA) imgected into experimental
flies. The control group was injected with nuclefree water (NFW). The effects of
transient gene silencing were monitored by semitjizive RT-PCR, and relevant
bioassays (survival, feeding success). AQP 488@ege knockdown was not lethal
to the flies as they continued to survive and féHte survival rates of 83% were
achieved in both injected test and control groupmomial test of proportions
showed no significant differences in the feedingcsiss between the test (ASRNA-

injected) and control (NFW-injected) flies at p<®.0
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CHAPTER ONE

1.0 INTRODUCTION AND LITERATURE REVIEW

1.1 Background information

The control of diseases transmitted by insect vecsuch as, malaria, dengue,
trypanosomiasis, and leishmaniasis is an impogsatity for biomedical and public

health agencies, the agricultural sector and tlensfic community. These complex
diseases involve the interaction of the mammaliast land insect vector with the
pathogenic parasite or virus. Vaccines, drugs, orecontrol, and public health

measures are important elements to consider incieglithe negative impacts of

these diseases in man (Aksoy, 2003).

Tsetse flies (DipteraGlossinidag cyclically transmit many African trypanosome
species includingTrypanosoma brucei rhodesiensend Trypanosoma brucei
gambiensewhich cause human sleeping sickness, &nghanosoma brucei brucei
that causes nagana (WHO, 2000). Human African trgpamiasis (HAT) decimated
the population in many parts of sub-Saharan Afdcaing the early part of the
twentieth century (Simarret al., 2008). The colonial administrations established
control programmes in the 1930s which involvedesysttic screening, treatment and
follow-up of millions of individuals across Africachich halted the transmission by
1960s (Simarrcet al., 2008). However, this disease has slowly returnest time
and the World Health Organization (WHO), since 199&s expressed its concerns
about the rise of HAT. The progress to break thasmission cycle is frustrated by
the breakdown of surveillance related to politicedtability, wars, and population

movements, coupled with lack of awareness and apemf funds (WHO, 2000).



More than a third of the African continent, souffSahara, is inhabited by the tsetse
flies which expose approximately 66 million peopbethe risk of contracting HAT
(Maudlin, 2006). It is also estimated that 30% bbat 150 million cattle in tsetse-
prone regions of Africa are exposed to the risknééction (Simarroet al., 2008).
This leads to deaths of about three million cadtlery year as a result of nagana and
farmers are required to administer high doses pépsive trypanocidal drugs, many
of which the parasites have developed resistanearigdy, 2004)T. b. gambiense
in West and Central Africa, an@l. b. rhodesiensen East Africa are the two
causative agents of the disease in nfarb. gambiensé a chronic and protracted
disease thanay last several years, wherda%. rhodesiensis an acute disease that
can result in death in a matter of weeks or moithisiO, 2000). Both types of
sleeping sickness are fatal if left untreated (Masi al., 2002) and found uniquely

in sub-Saharan Africa (Figure 1).
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Figure 1. Distribution of gambienseand rhodesiensesleeping sickness in sub-

Saharan Africa (WHO 2000).

1.2 Tsetse control
A wide variety of tsetse fly control techniques édeen developed and have

undergone trials. These technigues include thewiartig;

1.2.1 Insecticides

The use of insecticides is a current vector coninbérvention which involves
sequential aerosol spraying technique, or selectpeaying application of
insecticides to animals on which tsetse feed (Kab2902). The sequential aerosol

technique, which entails several consecutive aspahyings, can effectively clear



large areas of tsetse flies in a relatively shamet but it is expensive and
management intensive (Kabayo, 2002). Continuousitoramg, sustainability and
vigilance are important requirements to preveninu&sion and re-infestation of

cleared areas by the vector (UNICEF/ UNDP/ WorlshiBaVHO, 2004).

1.2.2 Odour-baited traps

Trapping of the tsetse flies using odour-baitegdgrdecreases the population of flies
and hence reduces man-fly contact. Vector contsahgutraps (which are usually
treated with insecticides) has the advantage aigogianaged by the communities
for sustainability, especially when materials fbe ttraps could be sourced locally
with minimum cost (UNICEF/ UNDP/ World Bank/ WHO0@4). Monoconical and
biconical traps create a visual stimulus to whisétge flies respond by flying into
them (Schofield and Maudlin, 2001). Attractantsctswas acetone, butanol, 1-
acetone-3-a, p-cresol, have greatly increased ffim@eacy of traps over the years
(Vale 1980). The cow’s urine also contains somthe$e attractants. The findings of
Belete et al (2004) indicated that large fly catches are possiding cow urine
baited-traps for the control dblossina morsitans submorsitams Ethiopia The
likelihood that an individual fly will encounter dnbe killed or captured by the
device depends also on the number of traps ortiarghative to the local abundance
of tsetse, and on the particular foraging and dgadebehaviour of the target tsetse

species (UNICEF/ UNDP/ World Bank/ WHO, 2004).



1.2.3 Sterile insect technique

Sterile insect technique (SIT) involves sterilipatiof male flies through radiation to
make them infertile. The irradiated males are tfedeased into wild populations to
compete with natural males. Females are insemirated in their lifetime, therefore
when mated with sterile males they become unabjgdduce offspring (Hargrove,
2003). This approach was applied in Zanzibar in4188d resulted in the successful
eradication ofGlossina austerfrom the island of Unguja (Vreyseat al.,2000). The
main advantage of the SIT method is that it sloewr reproduction rate of tsetse
flies; meaning eradication is a distinct possipiliind is ideally suited to the final
phase of local tsetse eradication (Vreysen, 208bwever, the large numbers of
irradiated sterile males required and the costlyl@mentation of the release method
means that it is not viewed as a favourable metti@dntrol (Marcioet al.,2003).

The impact of some of these effective tools on alisecontrol has not been
sustainable due to their local nature and extensigpendence on community

participation.

1.3 Aquaporins

Understanding of interactions between the tsejsaril trypanosomes is important
in identifying ways to disrupt the transmission leyof the parasite in their
invertebrate host. The trypanosome speemablish in the midgut lumen of the fly
before completingnaturation in the mouthparts and salivary glandss@, 2003).
Both ticks and tsetse flies have been reportedlivage into the host during feeding
(Valenzuela, 2004; Lehane, 2005). Ticks are blastking ectoparasites of wild and

domestic animals and humans. They are importantoke®f pathogens such as



Anaplasma marginalavhich causes anaplasmosis in cattle (Koearal., 2004).
Ticks have been reported to pass approximately @0%he water ingested in the
blood meal back into the host through salivary d&aby way of copious salivation
(Bowman and Sauer, 2004). The findings of Andedval (2009) demonstrated that
water moves through the membranes of the salivéapdg of brown dog tick
Rhipicephalus sanguinetisrough aquaporins. Salivation into the host bggiforms
the route by which pathogens are transmitted aldegan array of potent anti-
haemostatic protein compounds described in theramlof other blood feeding
arthropods (Valenzuela, 2004; Lehane, 2005). toisceivable that water which is
the main constituent of saliva moves through thieag glands of tsetse fly through
the AQPs thus playing an important role in transpgrtrypanosomes to vertebrate

host when the fly feeds.

The aquaporins (AQPs) are transmembrane pores plat critical roles in
controlling water content of cells, therefore reginlg osmotic pressure differences
across cell membranes (Aget al., 1993a). This family of small, hydrophobic,
integral membrane proteins, that includes bothctstirater channels as well as
channels transporting solutes such as urea ancerglycis widely expressed in
animals, plants, insects, amphibian, yeast, antebaaells.To datethirteen AQPs
have been identified and functionally characterimechumans (AQPO to AQP12)
(Gheorghe, 2009)The physiological importance of the AQPs in hunmaperhaps
most profound in the kidney, where about 150-2@fedi of water needs to be

reabsorbed from the primary urine each day thro&@#1l and AQP2 Gheorghe,



2009) In plants, aquaporins are also critical for watksorption in the root and for

maintaining the water balance throughout the plagte et al.,1993a).

1.3.1 Structure of aguaporin molecule

Each AQP molecule is thought to have a six-transbrane-spanning topology as
evidenced by protein conformation analysis of then@ acid sequence of the AQP
family i.e. cytosolic amino and carboxy terminitecellular loops A, C and E and
intracellular loops B and D (Sprirgt al., 2009). Aspargine-Proline-Alanine (NPA)
conserved motifs appear in the B and E loops oflyedl AQPs. The intracellular
loop B and extracellular loop E fold into the meare and interact with one
another, forming a ‘hour-glass model’ characterizgdvide external openings to the
channel with a narrow central constriction where tHPA’ motifs interact, forming
the functional water pore. Inhibition of the watemannel to transport water by
mercury (1) chloride indicates the presence ofiacal sulfhydryl in the water pore,
resulting in to physical blockage of the molecdlaw through the poreGheorghe,
2009). Although each individual AQP is a functional watere, they assemble in
groups of four identical protein channels (homateters) in the membranes.
Movement of water through each pore can be bi-tiowal depending on the

osmotic gradient (Andrewt al.,2009).

1.3.2 Insect aquaporins

Insect AQPs appear to be ubiquitous and affeculegllfunction in every tissue
(Spring et al., 2009). One of the first insect AQPs to be isolagedl function
determined was AQ, isolated from the filter chamber of the homoptera

Cicadella viridis This xylem feeder ingests large volumes of veungriant-poor



fluid. To cope with the fluid volume, they have iief chamber that has AGR
which enables it to have higher water permeab{lBguronet al., 1995). Blood-
feeding insects face a similar osmotic challenge Ikylem feeders. The rapid
ingestion of a blood meal greatly impairs their iigband so disposing of the
excess plasma becomes paramount (Leak, 1999; Syraig2009).

A study conducted by Kikawadet al (2008) pointed to the major role played by
specific AQPs in the larvae of the sleeping chiraith Polypedilum vanderplanki.
They isolated and expressed Kenopusoocytes two cDNAs RVAQP1l and
PVAQP2) encoding water-selective AQPs from the cloroid. Northern blots and
in situ hybridization studies revealed the expression muitous PVAQP1 to be
dehydration-inducible, whereas that of fat bodyesjie PVAQP2 was dehydration-
repressed.

The fruit fly, Drosophila melanogastehas become the standard for tubule research
involved in fluid transport. Several putative AQPmve been isolated from
Drosophila but only one, name@®rosophila Integral Protein (DRIP, exclusively
expressed in the malpighian tubule stellate céls) been functionally expressed in

proteoliposomes and found to be water permeablBdg@iellet al., 1998).

Thirty three AQP-like genes have been identifieghrfrthe transcriptome of tsetse
fly, G. morsitans morsitanand subsequently deposited in the datab@sndOB;

http://www.genedb.org/genedb/glossina/index.jsiieiTimportance in tsetse fly has
not been established and they could be involvetthénelimination of excess water
that comes along with a bloodmeal. Functional asalpf AQP 4886 gp was

investigated in the present study through RNA fetence.



1.4 RNA interference

RNA interference (RNA is a novel gene regulatory mechanism wherebyree’'ge
function can be selectively inhibited by doubleastted RNA (dsRNA)
corresponding to that gene. Introduction of dsRN#Aoithe cell leads to the
sequence-specific destruction of endogenous mRNAugh RNA (Fire et al.,
1998). RNA-induced gene-specific silencing was initially d#sed in
Caenorhabditis elegarend plants (e.gArabidopsis thaliang(Fire et al.,1998), and
subsequently in a variety of other organisms swkrygpanosomes (Djikenet al.,
2000), ticks (Sukanyat al., 2004), and tsetse fly (Leharet al., 2008). RNA
protects the genome against invasion by transpoaadsviruses, which produce

aberrant RNA in the host cell when they becomevadbeokyoungt al.,2008).

1.4.1 RNA mechanism

The RNA mechanism is highly specific and the introduce®Nl& is processed
through a number of sequential steps (Figure 23t,Rhere is cleavage of dsRNA by
the RNase Il enzyme dicer into shorter 21-23 miode long dsRNA pieces termed
short interfering RNAs (siRNA). These siRNAs haveharacteristic phosphorylated
5" end and a two nucleotide overhang at the 3'OH. dhe siRNAs then enter an
RNA-induced silencing complex (RISC). A helicaseldmging to the argonaute
(AGO1) family or slicer, unwinds the two strands tbe siRNA to form single
stranded RNAs (ssRNAs), and RISC scans the mRNAicytoplasm and cleaves
the molecules that are found complementary to tH&CReontained siRNA. This

leads to down regulation of mMRNA transcript anddeegene silencing ensues.



RNAI has been used to silence target genes and anadywe fgnctions in many
insect species. Lehanet al (2008) applied this technique to study the role of
transferrin2A192transcript in tsetse flyG. m. morsitansTransferrin was found to

play a critical role in protection of tsetse flypfn trypanosome infection.

HIRRRRRRRNNN( D.ﬂ (IITTTTITITIT DICER-dsRNA

complex

L G fir fEr 1L 25 ntsiRNAs
AGO1 @[[[) AGO1-siRNA
—— complex

ssRNA recognizes the
target sequence in mMRNA

messenger
RNA

Ll

Targeted RNA fragments

TRENDS in Parasitology

Figure 2. General RNAmechanism (taken from Balana-Fouce and Regueéq;)20

1.5 Statement of the problem

Trypanosomiasis is one of the most severe medizhivaterinary problems in Africa
that prevents the development of sustainable andugtive agricultural systems.
Currently, the most efficient way to contain theedise is through an integrated pest
management approach. The available methods toatahe tsetse fly are limited
and thus tsetse control has not been sustainalilerefbre, there is need for
developing alternative techniques that may suppternie traditional methods. This
can be achieved through targeted basic researdecMar biology techniques could

provide an avenue for scaling up control and mamege efforts of this important
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vector of African trypanosomes. Since aquaporinQ®A8) allow transmembrane
water movements in cells, it is conceivable thatsts fly saliva passes through these
water channels hence allowing transfer of trypamesd to the mammalian host
when the infected fly feeds. Therefore, the AQPssefse fly could be targeted as a
possible avenue for breaking the transmissionypitnosomes to the vertebrate host.
The aim of our study was to validate an aquapofitsetse fly as a possible gene

target for designing a control strategy.

1.6 Justification of the study

African trypanosomiasis is one of the world’s mosglected tropical diseases. As
such, there is need to establish concerted effortontrol this important disease.
Most control efforts have targeted the parasitayewer, no vaccine is yet available
due to the variant surface glycoproteins (VSGs)the trypanosome. However,
control that targets the vector seems promisingiee of the sequencing Gf m.
morsitans genome which is currently in progress. It is hopbdt this genome
sequence will provide opportunities to study vegarasite interactions and identify
potential genes that can be exploited to desigrimas and new drugs. Our target
genes, in this study, are the aquaporins whichirarelved in water homeostasis.
Functional Studies of AQPs iG. pallidipes (the main vector offrypanosoma
congolensgT. vivaxandT. bruce) will help determine their roles in this important
vector of African animal trypanosomiasis. Compamatanalysis of the identified
AQPs with other insect homologues will shed sorgbtlon the evolutionary history
of AQPs, which may be conserved within and acrafferdnt insect orders. This

physiological machinery may form a target for erdiag vector control, for
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example, through studies of potential water-transpuhibitors (e.g. mercury (ll)
chloride; Prestoret al., 1992) hence bringing genomics to applied biologyst

improving the prospects of tsetse fly control arahagement.

1.7 Hypothesis
Abrogation of AQP 4886 _gp gene activity through RN#srupts water transport

across salivary gland membranes thus inhibitintgéstly feeding.

1.8 Objectives
1.8.1 Main objective
To investigate expression profiles and the effe¢cig§é AQP 4886 gp gene

knockdown on the feeding behaviour and survivdsetse flyG. pallidipes

1.8.2 Specific objectives

)] To investigate tissue localization of AQP 4886 _gd ather selected putative
AQPs in tsetse fly.

i) To investigate expression patterns of AQP 4886_gp relation to
developmental stages of the tsetse fly.

iii) To determine the role of RNAilenced AQP 4886 _gp on mortality and

feeding success.
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CHAPTER TWO
2.0 MATERIALS AND METHODS

2.1 Analytical pipeline

[ Tsetseflies (Male)]_>[ cDNA synthesis]

AQP Tissue and
| stage localization

Y

[ Cloningand Sequencin}

\ 4

[ In vitro transcription and dsRNAquantificatio]w

Microinjection ofdsRN/—\J

A\ 4

| Feedingsuccess and mortality rat]as

\.

Confirmation of gene silencing;
RT-PCR, Western blot

Figure 3. Experimental design flow chart. This chart des@iaesummary of the

work involved in this study.

2.2 Insects

A laboratory colony ofG. pallidipes maintained at ICIPE was used in all
experiments. The flies were maintained on porcioed (fedin vitro via a silicone
membrane; Bauer and Wetzel, 1976) and reared ucwmietrolled conditions of

temperature (26x1 °C) and humidity (60-70%).

2.3 RNA extraction
The tsetse flies were anaesthetized by chillingiaenfor 30 min. Each fly was

dissected, on a microscope glass slide placederuitder a dissection microscope
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(Wild Heerbrugg M5, Switzerland). Total RNA waslsed using RNAgenfsTotal
RNA isolation system (Promega, Madison, WI, USAnirfresh tissue homogenate
following the manufacturer’'s instructions. The noitrge tubes, pipette tips and
pestles required for extraction of RNA were treaited.1% diethyl pyrocarbonate
(DEPC) for one hour at room temperature and théoctaved for 30 min to destroy
any residual DEPC. Four main steps involved in @kaction included; effective
disruption of tissue, inactivation of endogenoubonuclease, denaturation of
nucleoprotein complexes, and purification of RNAagwrom contaminating DNA
and protein. Immediate inactivation of endogenolagt activity released from
membrane bound organelles upon cell disruptionaeasmplished using two of the
most potent known inhibitors of RNase supplied e ©enaturing solution, i.e.

guanidine thiocyanate and 3-mercaptoethanol. Aitgdures were performed on ice.

The salivary glands were pooled from twenty fliesl @laced in 1.5 mL pre-chilled
Eppendorf tubes. Tissues were weighed so as tondetthe appropriate volume of
reagents to add for different amounts of startingtamal. Sixty microlitres of

denaturing solution (26 mM sodium citrate, pH A®% N-lauryl sarcosine, 0.125
M R-mercaptoethanol, and 4 M guanidine thiocyanata$ added to the salivary
gland tissue and homogenized. Then, 6 pL of 2 Musodacetate (pH 4.0) was
added and mixed thoroughly by inversion. Sixty miitres of Phenol: Chloroform:

Isoamyl alcohol mixture (125:24:1, pH 4.7) was atitle the mixture, vortexed for
10 sec and then incubated on ice for 15 min. Theturé was centrifuged in a
BIOFUGE fresco centrifuge (DJB Labcare Ltd, UK)(40,000 xg, 20 min, 4°C)

and the top aqueous phase which contained theRdAl was carefully pipette into
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a fresh DEPC-treated tube. Most DNA and proteimsaigaed in the organic phase
and at the interface. An equal volume of chilledpi®panol was added to the
aqueous phase containing RNA and incubated overaigt?20 °C to precipitate the
RNA. The RNA was pelleted the following day by aé&nogation in a BIOFUGE
fresco centrifuge, DJB Labcare Ltd, UK (10,000,45 min, 4 °C). The RNA pellet
was centrifuged again under same conditions in lofice-cold 75% ethanol. The
pellet was air-dried for 5 min and resuspendedbipP of nuclease free water. Total
RNA was stored at -80 °C.

The samples contaminated with proteins were reaetdd in Phenol: Chloroform:
Isoamyl alcohol (125:24:1, pH 4.7), while the DNAntaminated samples were

treated with RNase-free DNase | to digest the DEkction 2.3.1).

2.3.1 DNase treatment of total RNA samples

The DNA-contaminated RNA samples were treated Rif}il RNase-Free DNase by
setting up the following reaction as per the maciuf@r's protocol (RNAgenfs
Total RNA isolation system, Promega, Madison, WEA). The components were
added in order as follows; 50 pL of total RNA (2 p20 pL of nuclease-free water,
10 pL of 10X RQ1 DNase buffer, 100 mM DTT, 2 urofsRQ1 RNase-free DNase,
100 units of recombinant RNaSimibonuclease inhibitor. A final volume of 100 pL
prepared was incubated at 37 °C for 15 min. The RMA extracted with an equal
volume of the Phenol: Chloroform: Isoamyl alcor@®:Q4:1, pH 4.7), vortexed for 1
min and centrifuged in a BIOFUGE fresco centrif@)B Labcare Ltd, UK) at
12000x g for 2 min. The upper agueous phase was transféoradnew tube using

pipette and a second extraction performed usingréfdrm: Isoamyl alcohol (24:1)
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following the same steps. The RNA in the upper agsephase was ethanol
precipitated by addition of 0.3M sodium acetate arslvolumes of 100% ethanol.
The tube contents were mixed, incubate€@t°C for 30 min and then centrifuged at
12,000x gfor 5 min. The RNA pellet was washed with 1 mL76R6 ethanol and air-
dried before dissolving it in 10 uL of DEPC-treat@dter. The RNA yield, purity

and integrity were determined as described in @e@i3.2 below.

2.3.2 Determination of RNA yield and quality

a) Yield and purity

The concentration of RNA was determined by dilutargaliquot of the preparation
(2:100) in T. E. buffer (10 mM Tris-HCI pH 8.0, 1IMnEDTA) and reading the
absorbance (Biospec-mini DNA/RNA/Protein analyz&himadzu Corporation,

Tokyo) at 260nm. The yield of total RNA was detarad as follows;

1 Assonm= 40ng RNA/mL, Therefore, Ag,m* Dilution factorx 40 = pg/mL RNA

The purity of the isolated RNA was determined tgdiag absorbance at 260 nm and
280 nm. The ratio of &Aonn{A2s0nm indicated the purity of the sample. Pure RNA
samples exhibit Asonn{A2sonm ratios of 2.0. A lower ratio than 1.7 confirms
contamination of the sample, particularly with gias, thus prompting for further

purification steps.

b) RNA integrity
The RNA was analyzed on non-denaturing agarose Agelaliquot of the
RNA solution (1 pg RNA) was heated at 75°C for 5nmaind placed on ice

before loading on a 1% ethidium bromide-stainedrag@ gel to determine its
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integrity. When resolved by gel electrophoresise #8S and 18S eukaryotic
ribosomal RNAs were expected to exhibit a near ratio of ethidium bromide

staining.

2.4 Reverse transcription-polymerase chain reaction

2.4.1 First strand synthesis

The first strand cDNA reaction was performed usitigo(dT)s primer. To a sterile
tube, 2 pg of total RNA was added followed by 5 phgo(dT)s primer. Water was
added to bring the volume to 12 pL. The tube cdstemere mixed gently,
centrifuged briefly in a BIOFUGE fresco centrifu@JB Labcare Ltd, UK) before
incubating it at 65 °C for 5 min. The tube was pthback on ice, spun down briefly
and the following components were added to bring tbtal volume to 20 pL
according to the manufacturer's protocol (RevertXi¢H Minus First Strand cDNA
synthesis kit, Fermentas, Lithuania); 1X Reactiaffdy (250 mM Tris-HCI, pH 8.3,
250 mM KCI, 20 mM MgCJ, 50 mM DTT), RiboLock™ RNase inhibitor (20
U/uL), 1 mM dNTP mix and RevertAltf H Minus M-MuLV reverse transcriptase
(200 U/uL). The tube contents were mixed gentiyiticiged briefly and incubated
at 42 °C for 60 min. The reaction was terminatedhbgting at 70 °C for 5 min.
Gene-specific primers were designed (section Ddl@w) and used in amplification

of target genes from the cDNA.

2.4.2 Primer design
Thirty-three putative AQP gene sequences femm. morsitangranscriptome were
retrieved from Gend®B (http://www.genedb.org/genedb/glossina/indey.jsphe

multiple alignment of 33 AQP genes exhibited lowsence identity to allow for the

17



design of degenerate primers to target all of tfienthis study. The AQP coding
regions (i.e. the open reading frames) clustereéd multiple clades that produce
significant sequence similarity as shown below (Fég4). Therefore AQP 4886 _gp
and AQP 0306_gp were chosen for the present studspresent two of the groups.
However, most work was done using AQP 4886 gp. AQ®6_gp was only used
for comparative purposes to study AQP expressiodiffierent tissues of the tsetse
fly.

Primers were designed manually to target the Idngesn reading frames (ORF) of
the selected AQPs (Table 1), after consideringptio¢ein expression study required
later during antibody production for use in Westbluois.

AQP 4886_gp and AQP 0306_gp gene sequences wem/eet from theGendB.

In order to select the longest ORFs (including steet and stop codons), the DNA
sequences were translated into amino acids usin@ABEy translate tool
(www.expasy.ch/tools/dna.html). Primers were thesighed, based on the DNA
sequence, to target the identified frames. The peéster parameters were selected

using DNA calculator (www.sigma-genosys.com).
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Figure 4. The circular phylogenetic tree view of the codmegions of 33 putative
AQPs identified from transcriptome @&. m. morsitans Tree constructed using
amino acid sequences with Neighbour-Joining method using ME&A). Scale bar
represents arestimate of the number of amino acid substitutipes site. The two

rounded rectangles with black outline representtih@ AQPs considered in this

study.
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Table 1. Primer sequences for construction of cloning afmiession vectors.

PRIMER NAME SEQUENCE (5’ to 3) ENZYME
Fw4886 TATAGAA TTC ACC ATG CTATTT GCT GAG CTT GCG EcoRlI
Fw4886t TATAGAA TTC ACC ATG GCG GTT TTG AGT CTA GCT EcoRlI
Rv4886 TATAAAG CTT TTA AAAATC GTAGGA GTT CGT Hindlll
Fw0306 TATAGAATTC GT ACC ATG GTA GAG AAA TTA GAT ATG EcoRlI
Rv0306 TATAAAG CTT TTA AAT GCT TTC TGC ACT GCT Hindlll
AQP4886F GGA TCC ATG CTATTT GCT GAG CTT GCG BanHl
AQP4886R TTC GAA AAA ATC GTAGGA GTT CGT GTC BsBlI
GAPDH Fw TAA AAT GGG TGG ATG GTG AGA GTC

GAPDH Rv CTA CGA TGA AAT TAA GGC AAA AGT

RNAI-Fw4886 AGC GTG CCT CAAATAGCATTC

RNAI-Rv4886 TTA AAA ATC GTA GGA GTT CGT

dsRNA-Fw4886 TATAGAA TTC ATG CTATTT GCT GAG CTT GCG EcoRlI
dsRNA-Rv4886 TATAAAG CTT CCG AAT GAG CGT GCT GGG TTC Hindlll

Fw (or F) and Rv (or R) represent the forward aerse primers, respectively. The
restriction enzyme sites introduced in the primegruences are in bold and italicized.
The lettert (in Fw4886t) represents the primer that produdesncated gene
product. GAPDH Fw and GAPDH Rv are primers desigfresn G. pallidipes
glyceraldehyde-3-phosphate dehydrogenase (GAPDHhe gend were used in
internal control reactions during expression staidRNA-FW/Rv4886 and dsRNA-

Fw/Rv4886 represent primers used in RM&periments.

2.4.3 PCR amplification of first strand cDNA

The product of first strand cDNA synthesis was udieelctly in PCR (1 pL in 25 pL
of PCR reaction). Gene specific primers (Tabledsighed according to the ORF of
AQP 4886_gp (Fw4886/Rv4886; 681 bp) and AQP 0306FgyD306/Rv0306; 720
bp) were used. The amplification of the cDNA pradwas performed with PhusiBn
High-Fidelity DNA Polymerase (Finnzymes, Espoo, |&md) using the following

cycling parameters; 98 °C for 30 sec, 35 cycle88ofC for 15 sec, 56 °C for 30 sec,
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and 72 °C for 45 sec, followed by elongation fam# at 72 °C. The reaction was
done in 9800 Fast Thermal Cycler (Applied Biosysier@arlsbad, California).
Dimethyl sulfoxide (DMSO) was added to the PCR mastix to a final
concentration of 6%. Reverse transcriptase minds)(Regative control without the
enzyme and No template negative control (NTC) whietked only the cDNA
template were included. The RT- negative contrstie@ for any DNA contamination
in the cDNA sample, while the NTC control tested émntamination of the PCR
reagents.

The RT-PCR products were electrophoresed throulgidiein bromide-stained 1%
agarose gel for 1 hr at 70 V (Bio-Rad model 200fb@er supply and wide mini-

sub cell GT horizontal electrophoresis system, Baw laboratories, Inc., USA).

2.4.4 Gel extraction

The PCR products (total volume of 25 uL) were lahda 1% ethidium-bromide
stained agarose gel and subjected to electroplsofé8iV for 1 hr). When the run
was completed, the products were visualized undéilumination to check the size
of the bands by comparing with known DNA moleculeeight standard (DNA
marker, Fermentas, USA). The DNA bands were gefipdrusing QuickClean 5M
Gel Extraction Kit protocol (GenScript CorporatioRiscataway, NJ) as follows;
using a clean sharp scalpel, the DNA band was eddi®m the agarose gel. Extra
agarose gel was removed to reduce the size ofigel The gel slice was then placed
in a colourless pre-weighed 1.5 mL Eppendorf tube iéss weight recorded. Three
volumes of binding solution 1l (100 mg100 uL) was added and incubated at 50 °C

for 10 min with occasional vortexing to dissolveetigel slice. One volume of
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isopropanol was added to the tube contents anddnidee mixture was transferred
to QuickClean column for centrifugation at 14,82 far 30 sec (BIOFUGE fresco
centrifuge, DJB Labcare, UK). The flow-through ihet collection tube was
discarded. Five hundred microlitres of wash sotutieas added to the column with
bound DNA and centrifuged at 14,824 for 1 min. This wash procedure was
repeated once. Finally, the column was transfernedb a clean 1.5 mL
microcentrifuge tube and then followed by additadr80 pL of elution buffer to the
center of the column membrane prior to 1 min intioaat room temperature. The
salivary gland AQP 4886_gp and AQP 0306_gp DNA \iaslly eluted by
centrifugation at 14,824 g<for 1 min. Six microlitres of the clean productere
loaded on 1% ethidium bromide-stained agaroseogebmfirm recovery of the DNA

before sequencing.

2.5 Tissue and life stage distribution of AQP 488@p mRNA

Adult male G. pallidipeswere dissected on ice under dissection micros¢dyi&l
Heerbrugg, Switzerland) to isolate main tissueolved in high water-exchange
rates in insects. These included; salivary glamdalpighian tubules, midgut and
testes. The tissues were pooled from twenty tdéése The following tsetse flyG.
pallidipeg life stages were also obtained from the insectinst-instar larva (a day
old), one-day old pupae, 15-days old pupae, unéweral fly (1 hr old since
emergence), and an adult fly (30 days old).

Total RNA was isolated (Section 2.3) from the abdesues and used in semi-
guantitative RT-PCR analysis (Section 2.4.1 and32.tb amplify AQP 4886 _gp.

During localization studies, AQP 0306 _gp gene, Whiad been PCR-amplified and
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cloned from the salivary glands @. pallidipes, was included for comparative
expression study. RT-PCR was normalized using GAPpriners (Table 1)

generating a fragment of 400 bp. The products wisaalized on 1% ethidium
bromide-stained agarose gel under the UV illumoratiThe PCR products were

purified (section 2.4.4) and sequenced.

2.6 Gene cloning and dsRNA synthesis for microinj&ion

The RNA interference (RNiA method adopted for the selective silencing of AQP
4886 _gp expression was based on the injection oP A@86_gp-specific double
stranded RNA (dsRNA) molecules into the tsetse AIQP 4886 gp was amplified
using dsRNA-Fw4886 and dsRNA-Rv4886 primers (Tdb|eloned into pGEM-T
Easy vector (Promega Corporation, Madison, WI), teth subcloned into an RNA

plasmid, pLL10, which has two opposing T7 promofégspendix 1).

2.6.1 Preparation of LB-agar plates

LB-agar media was prepared by adding 15 g of agat titre of Lauria Bertani
medium (LB; 10 g Bacfdtryptone, 5 g Bacfdyeast extract, 5 g NaCl, pH adjusted
to 7.0 with NaOH). The LB-agar media was autoclaedboratory Thermal
equipment, England) and allowed to cool to 50 °@oime adding ampicillin (100
pug/mL), Isopropylp-D-thiogalactopyranoside (IPTG; supplemented with M
IPTG), and chromogenic dye, 5-bromo-4-chloro-intiilygalactoside (X-Gal; 40
ug/mL) (Promega Corporation, Madison, WI) for phemat screening. The white
colonies on the plates are ideally expected toyaaerombinant plasmids, while the

blue ones indicate the clones transformed withrecatarized plasmids.
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About 30 mL of the LB-agar/ampicillin/IPTG/X-Gal m& was poured into 85 mm
petri dishes and allowed to harden in the hoodl¢BeGlass, Inc, Vineland, USA).

The plates were stored at 4 °C for a maximum pesfazhe month.

2.6.2 Ligation and transformation

2.6.2.1 Preparation of competent cells

The E. coli DH5a competent cells (Promega Corporation, Madison, Wéye
streaked on LB plate (without ampicillin) and growmernight at 37 °C (Inoue’s
method, 1990). A discrete colony was picked fordgeg the start up culture (2 mL
of LB media) that was incubated overnight at 37with shaking at 150 rpm. The
starter culture was used, the following day, tociate 250 mL of SOB media and
grown (18 °C, 150 rpm) to an Q&nmof 0.6. The culture was transferred into an ice
water bath for 10 min prior to harvesting the cdils centrifugation at 12,096gx
(Beckman J-25I centrifuge, USA) for 20 min at 4 e supernatant was poured off
and the cells gently resuspended in 80 mL of idd tansformation buffer (TB; 10
mM PIPES, 55 mM MnG| 15 mM CaCJ, and 250 mM KCI). The centrifugation
step was repeated once and the cells were reswespémd®0 mL of ice cold TB.
Then, 1.5 mL of DMSO was added to the cell suspensind mixed gently by
swirling. The cells were incubated on ice for 10hmand finally 100 puL volumes
were aliquoted into pre-chilled 1.5 mL tubes. Thmmpetent cells were frozen

immediately in dry ice and stored at -70 °C reaatyuse.

2.6.2.2 Cloning of AQP 4886_gp into pGEM-T Easyvector
A ligation reaction was set up as follows (pGEW and pGEM-T Easy vector

systems, Promega Corporation, Madison, WI); ToSan@L microcentrifuge tube, 5
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uL of 2x Rapid ligation buffer, 50 ng of the pGEM Easy Vector, JuL of PCR
product, and L of T4 DNA ligase (3 Weiss units/uL) was added &mgped up to
10 pL with nuclease-free water. A positive control DNgupplied with the kit) and
background control (that lacked the insert DNA) avercluded. Theeactions were
mixed by pipetting up and down, followed by a brieitrifugation step and finally
incubated overnight at 4 °C to facilitate ligatidme freshly preparef. coli DH5a
competent cells (section 2.6.2.1) were transformeth ligation reaction. Five
microlitres of ligation mix was added to clean ink Eppendorf tube followed by
50 uL of competent cells. The tube contents were myeatly and incubated on ice
for 20 min. The competent cells were heat shocketRa’C for 1 min in order to
take up the foreign DNA. The cells were suppliedhwii mL of rich media, Super
Optimal broth with Catabolite repression (SOC)|daled by an incubation at 37 °C
for 1 hr with shaking (150 rpm) on a rotary sha@hnellab Mini Shaker, US, 150
rpm). Meanwhile, the LB-agar plates (containing &itip, IPTG and X-Gal) were
placed at room temperature inside a hood (Bellas$§linc, Vineland, USA) so as
to warm up. After an hour of incubation in SOC naedhe cells were pelleted by
centrifugation (BIOFUGE fresco centrifuge, DJB Lake, UK) at 5000 ¢ for 5
min. The excess media was discarded using a pipattelO0OuL of the cells were
plated on LB-agar plates followed by an overnigituibation at 37 °C. Colony PCR
on selected white colonies on plates was done teescfor the positive-insert
colonies using the following conditions; 1 cycle®imin at 95 °C, followed by 30
cycles of 1 min at 94 °C, 1 min at 56 °C and 2 aiir2 °C. A final extension cycle
of 8 min at 72 °C was provided. PCR was done u$iig-100 Programmable

Thermal Controller (96-well) (MJ Research, Gaitherg). Gene-specific primers
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for AQP 4886 _gp were used in PCR, i.e. dsRNA-Fw4888 dsRNA-Rv4886
primers (Table 1). The positive-insert clones om B-agar plates were cultured in
LB broth (section 2.6.1) supplemented with 1@mL of ampicillin. Recombinant
plasmids were purified using PureYi&l plasmid miniprep system (Promega
Corporation, Madison, WI) according to the instioics of the manufacturer as

described below (section 2.6.2.3).

2.6.2.3 Plasmid isolation

Six hundred microlitres of an overnight culture wadded to a sterile 1.5 mL
microcentrifuge tube followed by 100 uL of cellilyduffer (Promega Corporation,
Madison, WI). The mixture was mixed gently by inueg the tube six times. The
solution changed from opaque to clear blue indigatiomplete lysis. Then, 350 pL
of ice-cold neutralization solution was added arigeth thoroughly by inverting the
tube six times. The lysate was centrifuged in a BIGE fresco centrifuge (DJB
Labcare Ltd, UK) at 16,060gx<for 3 min at room temperature. The centrifugation
step pelleted the bacterial chromosomal DNA an@motellular components, while
the plasmids remained in the supernatant. The safsert was transferred using a
pipette onto a PureYield minicolumn that was placed into a PureYi®d
collection tube. The tube contents were subjectectcdntrifugation (BIOFUGE
fresco centrifuge, DJB Labcare Ltd, UK) at 16,0@for 15 sec (room temperature).
The flow-through was discarded and 200 pL of enxioteemoval wash was added
to the minicolumn and centrifuged under the samaditions described. The
centrifugation step was repeated using 400 pL dfineo wash solution. The

minicolumn was transferred into a clean 1.5 mL wéentrifuge tube followed by
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addition of 30 pL of elution buffer to the columratrix. The column was allowed to
stand at room temperature for a minute beforeaeiudf DNA by centrifugation. The
purified plasmids were quantified using NanoDrop@@8pectrophotometer (Thermo

Scientific, USA) and sequenced.

2.6.2.4 Sequencing of plasmid constructs

The purified recombinant plasmids (section 2.6.2v@ye sequenced using M13
forward and M13 reverse universal primers at thteriational Livestock Research
Institute (ILRI), SegoliP Unit, Kenya. The sequeneere edited using ChromasPro
version 1.33 software program (CopyY003-2005 Technelysium Pty Ltd) and
analyzed through BLAST of National Center for Bataology Information (NCBI)
GenBank (http://www.ncbi.nlm.nih.gov/). Sequenceagrahent with the G. m.

morsitanshomolog (GMsg 4886) retrieved fro®enéB was done (Appendix 1).

2.6.3 Sub-cloning of AQP 4886_gp into pLL10 RNAvector

2.6.3.1 Plasmid construction and digest

The sequenced AQP 4886 gp initially cloned into MSET Easy vector was
digested usingEcoRl and Hindlll (Fermentas, USA). The sites had been
incorporated into the primers Fw4886 and Rv488@l@4d). The insert was ligated
into pLL10 RNA plasmid that had been digested with the same eez¥feoR| and
Hindlll). The ligation reaction was used to transforampetente. coli DH5-a cells
(Promega Corporation, Madison, WI). After screeriiygcolony PCR (as described
in section 2.6.2.2) using universal and insert-ggeprimers, recombinant clones
were grown in LB-broth and plasmids were purifiezi described before (section

2.6.2.3). The constructs were sequenced and usedsRNA preparation. The
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recombinant pLL10 vector (i.e. contains AQP 4886irggert) was digested singly,
in two separate tubes, witikhd and Xbd enzymes (Fermentas, USA) for

transcription of both sense and antisense RNA d#ran

2.6.3.2 Purification of the digested pLL10 construc

The restriction digests were treated with 0.05 nigfwh proteinase K (Fermentas,
USA) to digest proteins. Then, 3.75 pL of 10% SD&svadded to 50 pL of the
digest, followed by incubation in water bath (RB320fe Technologies, Van Allen
Way, USA) at 50 °C for 30 min. The linearized plagm@NA was extracted using 80
pL of buffer saturated Phenol: Chloroform. The tuwmtents were vortexed and
centrifuged at room temperature (centrifuge 5415 Eppendorf, Hinz GmbH
Company, Germany) for 5 min at 16,060 to collect the upper agueous phase that
contained the DNA. Then, 80 uL of chloroform wasded to agueous phase;
vortexed again, and centrifuged under same comditess above. The DNA was
precipitated using 56 pL of room temperature ispprml for 15 min. The mixture
was centrifuged (centrifuge 5415 C, Eppendorf, HimbH Company, Germany) at
16,060 g for 15 min, followed by a wash step using 80 puL76f6 (v/v) ethanol.
The pellet was air-dried and dissolved in 20 pID&PC-treated water. The purified
linear DNA became the template fam vitro transcription reactions using the

Megascript RNAKkit (Ambion, 2130 Woodward St. Austin TX 78744).

2.6.3.3In vitro transcription
The transcription reactions were assembled at rdemperature. To a sterile
microfuge tube, the following reagents were addad;lease-free water (to a final

volume of 20 uL), 2 ug of linearized plasmid, 2 gfL10x T7 reaction buffer, 2 pL
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each of dNTPs (ATP, CTP, GTP, UTP) and 2 puL of TiZzyene mix. The mixture
was mixed by pipetting up and down before a bregftdfugation step to collect the
reaction mixture at the bottom of the tube. Thetiea was incubated at 37 °C for 16
hrs to allow transcription of the template to occAirpositive transcription control
template (pTRI-Xef) supplied with the kit was indld in the experimental set up.
The next step involved annealing of the synthessmtse and anti-sense strands of
RNA to form dsRNA. About 0.5 uL of both sense anti-aense RNA was reserved
for gel analysis.

Equal volume of the sense and antisense RNAs werednm a 1.5 mL sterile tube.
The tube containing the mixture was capped propamty incubated in boiling water
in a 1L beaker for 5 min. The heat source was read@nd the samples were left in
the beaker to cool down slowly to room temperattitgs leads to annealing of the
complementary RNA strands. The dsRNA was furtheifipd from any remaining
single-stranded RNA (ssRNA) and initial template ANy enzymatic digestion (37
°C for 1 hr) using RNase and DNase | provided & kh. This nuclease treatment
step does not digest the dsRNA in the solution lieedt is not a substrate of either
enzyme. The next step involved column purificatiohthe dsRNA to remove
proteins, free nucleotides, and nucleic acid degjtad products. This was achieved
by using MEGAclear™ Purification Kit (Ambion, 213®oodward St. Austin TX
78744).

The dsRNA binding mix was applied onto the filter the filter cartridge and
centrifuged (Bench centrifuge 5415 C, EppendorhizHbmbH Company, Germany)
at 16,060 g for 2 min at room temperature, followed two wastps with 2X wash

solution. The dsRNA was recovered through additdnl00 pL of hot elution
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solution to the filter in the filter cartridge théollowed by centrifugation for 2 min
at maximum speed. Finally, the dsRNA was quantifl®d spectrophotometry
(section 2.3.2). The resultant dsRNA (1/%0dilution) was run on a 1% ethidium

bromide-stained agarose gel to check its integuiiy efficiency of duplex formation.

2.6.3.4 Concentration of dsSRNA

The dsRNA (from section 2.6.3.3) was further comdad using ammonium
acetate. Five molar NJAc was added to the purified dsRNA in a ratio dfQl: Then
2.5 volumes of 100% ethanol was added to the sampied well, and incubated at
-20 °C for 30 min. The sample was centrifuged (BUQ¥E fresco centrifuge, DJB
Labcare Ltd, UK) at 4 °C for 15 min at 16,060 te pellet the RNA. The supernatant
was carefully discarded and the remaining pellet washed using 500 puL of 70%
(v/v) ice-cold ethanol. The RNA pellet was briefyr-dried and resuspended in
nuclease-free water at a final concentration ofgfujt. The dsRNA samples were

stored at -80°C.

2.7 Microinjection

Teneral flies (12-24 hr old) were used in microatien experiments. The flies were
provided with a first bloodmeal on day 0 and ingetbn day 1. The unfed flies were
removed and excluded from this study. Tsetse Vlieee anaesthetized by chilling to
+4°C in their cages and then put into plastic pdighes on ice in small batches (10 -
12 flies). Ten micrograms (i.e. 2 pL of 5 pg/puL RN&K the dsRNA corresponding

to AQP 4886 _gp was injected using a fine glass lee@I00 mm outside diameter,

formed into a fine point using needle puller; PCNgrishige, Japan) into the

dorsolateral surface of the thorax of male flieslemthe dissection microscope
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(Figure 5). The optimal quantity of dSRNA for RNAf a series of genes @&. m.
morsitanshas been determined in Lehane’s laboratory to-b@ fAg/fly (Lehanest
al., 2008). In order to identify the correct delivernedium for RNA experiments,
Walshe et al. (2009) determined the effect of different solutoan tsetse fly
mortality rates and immune responses to trypanosoriibe best medium for
delivery which gave consistent results was nuckéasewater (NFW). A volume of
2 UL NFW was previously adopted in RNBy injection to knockdown the attacin
gene inG. m. morsitangHu and Aksoy, 2006).

Two control groups were included; the first one wamply chilled for half an hour
and not injected at all. The second control groas whilled and injected with 2 puL
of NFW. At least 35 flies were used in each gro@fier injections, the flies were
put into cages (20 flies per cage) at room tempegaand a piece of damp paper
placed over the cage during recovery. The fliesewtrereafter kept in well
ventilated cages under controlled conditions ofgerature (26x1 °C) and humidity
(60-70%) and fed on porcine blood 24 hrs post-imj@c(day 2). The analysis of
gene knockdown was done by RT-PCR starting at dayd3followed after every 48

hrs.

Microinjection point

Figure 5. Microinjection of tsetse fly. The arrow pointsttee injection position on

intrathoracic cavity. Image source: Peggy Greb, ASD

31



2.7.1 Verification of gene silencing

The degree of knockdown achieved was measured toy-cgeantitative RT-PCR.
Total RNA was extracted from a fresh tissue afteilling the flies on ice to
immobilize them. Dissections under dissection nicope were done on a glass
slide placed on ice to maintain cold conditionsimyirthe process. Insect saline
(Appendix 2) was used during dissections. Tissmepdas, including salivary glands
and midguts, were pooled from five flies in eacbugr. The intimate association of
the fat body with the midgut made it impossiblegmove all traces of fat body from
dissected midguts. Isolated total RNA was revawrsestribed (RT) using oligo(dis)
primer to synthesize the first strand that produbestemplate for PCR using gene-
specific aquaporin RNiAprimers (RNA-Fw4886 and RNARv4886, Table 1). PCR
controls were included using the same procedurésvitbiout reverse transcriptase
(test for DNA contamination in the RNA preparatioafd also a no template
(cDNA) control (detect contamination of the PCRgeats). PCR products were
electrophoresed through 1% ethidium bromide-staagatose gels to check the size
of amplified fragments by comparison to a known DMAalecular weight marker (1
kb DNA Ladder, Promega Corporation, Madison, WIgl @sualization, editing and
documentation were accomplished using KODAK Gelita2p0 Imaging System
(Raytest GmbH, Straubenhardt). Reduction in AQP6488 gene expression was
determined by densitometric measurement of bandg tise software KODAK Gel
Logic 200 Imaging System (Raytest GmbH, StraubeaitharChange in gene
expression in dsRNA-injected and nuclease-free wété-W)-injected flies was

determined by the ratio between band intensityhef AQP 4886_gp gene and its
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correspondent loading control, glyceraldehyde-3sphate dehydrogenase

(GAPDH).

2.7.2 Tsetse fly survival

Mortality of the flies in the three groups (teshjeicted controls and uninjected

controls) was regularly assessed in each cagealoae tsetse fly survival after the

treatments. The dead flies were counted and remdred the cages. Feeding

success was also recorded. Tsetse fly mortalityfaeding success was compared

between dsRNA-, mock-injected and uninjected flies.

2.8 Heterologous protein expression for antibody mduction

2.8.1 Gene cloning

Gene-specific primers (AQP4886Fw and AQP4886Rv;l@dh were designed and
BanHI and BsBI sites were included in forward and reverse primespectively.
AQP 4886 _gp DNA was amplified from cDNA as descdibe section 2.4.3. The
gene was ligated into pGEMI Easy vector, and cloning was done as described
before (Section 2.6.2.2). The plasmid construct seguenced using M13 forward
and M13 reverse primers. Then, AQP 4886_gp geneswiasloned into pRSET-A

(Section 2.8.2 below) after considering the restnicsites available in the vector.

2.8.2 Sub-cloning into pRSET-A

The pRSET vectors are pUC-derived expression veadtesigned for high-level
protein expression and purification from clonedaegemE. coli. The expression of
DNA sequences cloned into the pRSET vectors areempasdsible by the presence of

the T7 promoter. To facilitate cloning, the pRSE@&ctor is provided in three

33



different reading frames; pREST-A, pRSET-B and pR&E They differ only in the
spacing between the sequences that code for tleenNAal peptide and the multiple
cloning site. pPREST-A was chosen for cloning AQB@&p gene.

The AQP 4886 gp insert in pGEM Easy vector (Appendix 1) was sub-cloned
into pRSET-A through double digestions of both pGEMAQP 4886_gp construct
and pRSET-A vector usinganH!| andBsBl restriction endonucleases (FastDidest
Fermentas, USA). The following reagents were addealsterile microfuge tube; 10
uL of nuclease-free water, 2 pL of 10x FastDi§dsuffer, 6 pL of the plasmid
(concentration; 113 ng/uL), and 1 pL BanmHI and BsBIl. The tube contents were
mixed by gently flicking the bottom of the tube ahen briefly spun in a BIOFUGE
fresco centrifuge, DJB Labcare Ltd, UK (16,066, 25 sec, at room temperature).
The reaction was incubated at 37 °C for 2 hrs iwader bath (RB-200 Life
Technologies, Van Allen Way, USA). The digestiorogucts were run on a 1%
ethidium bromide-stained agarose gel and both thyested-out insert (AQP
4886 _gp) and the linearized pRSET-A vector wereegélacted as described before
in section 2.4.4. Five microlitres of the gel-pigif products were visualized in 1%
ethidium bromide-stained agarose gel to confirnovecy. AQP 4886_gp was then
ligated into linearized pRSET-A vector (since botlere digested with same
restriction endonucleaseBanH| and BsBlI, they should carry sticky overhangs).
Ligation was performed using T4 DNA ligase (Prom€&gaporation, Madison, WI)

and cloning proceeded as described in section.2.6.2
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2.8.3 Sequencing of pPRSET-A constructs

The pRSET-A/AQP4886 constructs were sequenced uBihgromoter forward
primer (5-TAA TAC GAC TCA CTA TAG GG-3’) and T7 Rearse primer (5'-TAT
GCT AGT TAT TGC TCA G-3). The nucleotide sequencesre translated into
amino acids using EXPASYy translate tool (www.expasyools/dna.html) to confirm
that the gene of interest is in frame with the Nri@al histidine tag of pRSET-A
vector and in the proper orientation before prooegdvith protein expression

studies. Glycerol stocks were prepared as descitibsekction 2.8.3.1 below.

2.8.3.1 Glycerol stock

Two milliliters of BL21(DE3)pLysS carrying the regedinant pRSET plasmid was
grown (overnight at 37 °C) in LB broth containin@0lug/mL ampicillin. Then, 0.85

mL of the overnight culture was combined with Orib of sterile 100% glycerol in

a sterile freezing vial. The tube contents werdesad and stored at -80 °C.

2.8.4 Induction of protein expression

A pilot expression study was performed in orderestablish optimal expression
conditions for AQP 4886_gp protein. A starter crtdtwas prepared by inoculating 2
mL of LB broth with a single recombinagt coli clone of BL21(DE3)pLysS. The
culture was incubated overnight at 37°C with shgkib50 rpm) in presence of 50
pg/mL ampicillin and 35 pg/mL chloramphenicol. Tf@lowing day, 25 mL of
sterile LB broth was inoculated with overnight cuét to an Olhonm Of 0.1 and
further grown to an O§onmOf 0.4-0.6under the same conditions as describedea
Prior to induction with IPTG, 1 mL of the cultureaw aliquoted into 1.5 mL

Eppendorf tube, centrifuged and resultant pelletest at -20°C. This represented
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time zero sample. IPTG was then added to a finateotration of 1 mM and growth

continued. After 1 hr of incubation, 1 mL of thergale was pelleted and the pellet
stored at -20 °C. The samples were similarly cedldat 1 hr interval for 6 hrs and
the last collection was taken after an overnigbtibation. When all the time points

were collected, the pellets were prepared as desthelow (section 2.8.4.1).

2.8.4.1 Quick outer membrane preparation

Each pellet was resuspended in 100 pL of the tysifer (10 mM Tris-HCI pH 9.0,
2% SDS [w/v], 10 mM EDTA) and 1 pL of 20 mg/mL DNdRNase. The pellet was
passed through 26-gauge needle several times ai brep. The needle was rinsed
with PBS-Tween (1x PBS pH 7.4, 0.05% [v/v] Tween BBtween samples. Two
microlitres of 0.1 M HCI was added to each tube amiibated at 37 °C for 1 hr.
Thereafter, 100 puL of 2x SDS-PAGE sample buffergépdix 3), containing 10%
3-mercaptoethanol, was added to each sample atetiboia steamer for 5 min.
Twenty microlitres of each sample was separatech di?% polyacrylamide gel.
Initially, the electrophoresis was set at 80 V luseimples entered the resolving gel,
and then it was raised to 120 V for 1 hr. To vigethe separated proteins in the
gels, Coomassie Brilliant Blue staining (20% metiiad% acetic acid, and 0.15%
R-250 dye) method was employed. The gel was stamexinight with gentle
shaking. The following day, the gel was transfeiired a destain solution (Appendix
3) to wash off excess dye. Kimwipes were placeth@asolution in order to absorb
the excess dye released from the gel. A band oéasing intensity at the expected
size range for the recombinant protein (6xHis-taggetein) was anticipated, and

Western blot was performed to confirm its reacfivit
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2.8.4.2 Western blot

The identity of recombinant AQP 4886_gp was conéidnby Western blotting
(Burnette, 1981). Because the recombinant proteis @xpected to carry a 6xHis-tag
at its N-terminal region, detection can be donegisinti-His antibodies or probes
which are commercially available. The protein sasplFrom section 2.8.4.1) were
separated on 15% Tris-SDS-PAGE and then electregibally blotted onto a
nitrocellulose membrane (Bio-Rad, Canada). This wabieved following an
overnight incubation at +4 °C in transfer buffer2(® zwitterionic glycine, 25 mM
Tris base, 20% [v/v] methanol) at 30 V. The membraras blocked in 5% [w/V]
non-fat dry milk in 1x PBS (137 mM NacCl, 2.7 mM KQIO0O mM NaHPQ,, 2 mM
KH2PO, pH 7.4) for 3 hrs followed by incubation in 1% wien-fat dry milk in 1x
PBS containing HisProb&-HRP (1:5000) for 1 hr with shaking. HisPrdfeHRP
(Pierce Biotechnology, USA) is a nickel {Niactivated derivative of horseradish
peroxidase (HRP, a high activity enzyme label) u$ed direct detection of
recombinant poly-histidine-tagged fusion proteind ather histidine-rich proteins.
The membrane was washed three times for 5 min i8-PBeen (1x PBS pH 7.4,
0.05% [v/v] Tween 20) followed by three more waskash for 1 min in 1x PBS.
HRP developer (Bio-Rad, Canada) was prepared bybiong 100 mL of 1x PBS,
50 mg of diaminobenzidine (DAB), and 0.5 mL of 6%balt chloride. Sixty
microlitres of hydrogen peroxide was added to tkeetbper, mixed quickly and
added to the washed blot. The blot was left shakindew minutes to develop the
dark brownish colour for the reactive protein. Ttheveloped blot was rinsed in
distilled water (to stop the reaction) and left Bomin to air dry before scanning for

documentation.
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2.8.5 Re-cloning in pBADHisA

It was clear from the culture growth profile thaetrecombinant protein exhibited
toxicity to the cells. This was evidenced by slow r@ increase at all of the
absorbance readings at @Bmover time. Therefore, it was necessary to tryedéht
expression vectors and hosts. Re-clonings were dotee pBADHisSA vector
(provided by Dr. Brad Clarke, University of Guelgbanada) which has more tightly
regulated arabinose induced araBAD promoter. Thetovehas a 6xHis-tag for
detection of expressed protein. The entire codaggen of AQP 4886 gp was
cloned into the expression vector pRSET-A (InvigndCorporation, Carlsbad, CA)
but recombinant protein was not produced at debetievels. As a result of the
difficulty in expressing hydrophobic transmembrameteins in bacteria (Loukaet
al., 1999), the last three transmembrane domains oAdlb@porin protein including
the C-terminal hydrophilic domain of AQP 4886_gpg(fre 8) was also cloned into
pBADHisA for expression studies.

The primers, Fw 4886, Fw 4886t and Rv 4886 (Tahlesyhthesized by Sigma-
Genosys, Oakville, CA, USA) were designed manualtg appropriate restriction
sites introduced based on the multiple cloning sftpBADHisA. Both full length
(ORF, 681bp) and a truncated AQP 4886 _gp gene 3Isequences were PCR-
amplified following protocols described before (Gat 2.4.3).

The PCR products and pBADHisA vector were purifiead double digested in
FastDigest EcaRl andHindlll (FastDigest, Fermentas, USA) as described earlier
in section 2.8.2. The digestion products were mdiby gel extraction procedure
(Section 2.4.4) and ligated using T4 DNA ligaseo(Rega Corporation, Madison,

WI) in 2x rapid ligation buffer as described in ec 2.6.2.2. The ligation product
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(2 uL) was used to transform fresh competéntoli DH5a cells as described earlier

in section 2.6.2.2. The recombinant plasmid corstrwere purified and sequenced.

2.8.5.1 Transformation of expression hosts

The AQP 4886 gp inserts in pBADHisA were confirmedbe in frame from the
translation results using ExPASy translate tool Wwexpasy.ch/tools/dna.html) and
in proper orientation based on the N- and C-teringrals of the AQP 4886 gp
sequence in relation to the 6xHis tag in pBADHisActor (Appendix 1). The
recombinant plasmids were transformed by heat shgckdescribed in section
2.6.2.2) into the following expression hosts; RGEEIE3)pLysS (Novagen,
Darmstadt) and BL21(DE3)pLysS (Invitrogen Corparati Carlsbad, CA). The
transformed cells were plated on LB-plates contagrs0 pg/mL ampicillin and 35

png/mL chloramphenicol for selection.

2.8.5.2 Induction of protein expression

A starter culture was prepared by inoculating 2 ofLLB media with a single
recombinantE. coli colony of Rosetta(DE3)pLysS /pBADHisA-AQP 4886t (t:
truncated gene) and grown overnight at 37 °C whidkag in presence of 50 pg/mL
ampicillin and 35 pg/mL chloramphenicol. The cuttwvas diluted 100-fold into 500
mL of fresh LB media supplemented with 0.5% w/vaglse in 2 L flask, and
propagated (37 °C, 200 rpm) to an £4am of 1.0. Expression was induced by 0.2%
w/v arabinose, and then followed by additional 8 bf incubation under the same
conditions. The cells were subsequently harvesyedentrifugation at 5,00@ g for

30 min, followed by resuspension of the pellet imb of lysis buffer (1x PBS, 1

mM Phenylmethylsulfonyl fluoride (PMSF), 1 mM Mgg@nd 1 pg/mL DNase 1),
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and then lysed by sonication. Short pulses of towsere supplied to the sample on
ice for six times with 10 sec rests in betweenphéses to avoid overheating. The
lysate was centrifuged (centrifuge 5415 C, Eppeihddinz GmbH Company,

Germany) at 12,000 g for 30 min at +4 °C to obtain the supernatant. peket was

stored at -20 °C and later used for gel analysise ®xHis-tagged protein was
column purified using Ni-NTA agarose (Qiagen InOntario, Canada), and then
resolved by 15% Tris-SDS-PAGE. The separated protevere transferred into
nitrocellulose transfer membrane as detailed ii@@@.8.4.2. The membrane was
subsequently blotted with HRP-HisProbe followedibgubation in HRP developer

for visualization of the reactive proteins.

2.9 Data analysis

2.9.1 Bioinformatics and phylogeny

AQP 4886 gp sequences were edited to remove amisgoase calls and primer
sequences using the ChromasPro version 1.33 sefvagram (Copy 2003-2005
Technelysium Pty Ltd). A search to identify protesequences similar to AQP
4886 _gp was performed using tBLASTx algorithm of BlIGGenBank and also
GendB (tsetse fly EST database). The retrieved seqswere aligned, in order to
identify conserved regions, using CLUSTALW (Thompsat al., 1994) and, where
necessary, re-alignments adjusted manually. Amicid aequences were used to
estimate phylogeny with the neighbour-joining, migim evolution or maximum
parsimony methods. The dendrogram was construciad Molecular Evolutionary
Genetics Analysis (MEGA) software version 4.0 (Taaet al., 2007) with 10,000

bootstrap replicates. All methods for estimatinglpbgeny gave trees with similar
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topology and approximate bootstrap values; theeetmly the neighbor-joining tree
is presented. Percentage homology/genetic distanueng similar AQPs to AQP
4886 _gp was computed using MEGA software. Topodcapranalysis of AQP
4886 _gp to determine the transmembrane regions peaf®rmed using SOSUI
software (http://bp.nuap.nagoya-u.ac.jp/sosui/)ilevits 3D structure was predicted
using the Swiss-Pdb Viewer (http://www.expasy.qudts/). Phosphorylation sites
were determined using NetPhos 2.0 (Blenal.,1999) on EXPASy proteomic server

(http://lexpasy.org/tools/#ptm).

2.9.2 Statistical analysis

R-software (R Development Core Team, 2010) was usednalyze the data.

Normality of the data was tested using Shapiro-Witest and when the data was
non-normal, arcsine transformation was applied. Wt data did not normalize

after the transformation, Kruskal-Wallis rank swastt(non-parametric test) was used
to verify the differences between groups. Binont@dt for proportion was used

whenever differences between two groups were testedll cases, p<0.05 was

considered statistically significant.
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CHAPTER THREE

3.0 RESULTS

3.1 RT-PCR results

The total RNA was analyzed by non-denaturing agargsl electrophoresis to
determine the quality of the isolated RNA (Figued.@ntact rRNA bands (28S and
18S subunits) were observed indicating good inty @i the isolated total RNA. The
28S and 18S eukaryotic rRNAs exhibited an expeckear 2:1 ratio of ethidium

bromide staining, indicating that no gross degriadadf RNA occurred. An average

concentration of 150 pg/mL of RNA was obtained tiglo spectrophotometry.

I <681 bp
681b
< 285 P

18S

Figure 6a Figure 6b Figure 6¢

Figure 6a. Total RNA integrity. RNA Electrophoresed througl3®% agarose gel to
check its integrity. The 18S and 28S ribosomal baak present indicating good
integrity of the RNA samples (Lanésand 2.

Figure 6b. RT-PCR products electrophoresed through 1% etiméivomide stained
agarose gelM: 100 bp plus DNA ladder (Fermentas). Larfesand 2: AQP
4886_gpFigure 6c¢. Gel purified PCR products (Langésand 2: AQP 4886 _gp)M:

100 bp plus DNA ladder (Fermentas).
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The mRNA was reverse transcribed to synthesizdirtstestrand in a reaction driven
by a reverse transcriptase. Gene specific primeese wvemployed in a PCR-
amplification of AQP 4886_gp gene using cDNA aspéate. The RT-PCR products
were visualized on a 1% ethidium bromide-stainecareage gel under UV
illumination (Figure 6b). The PCR products were patified and loaded on 1%
ethidium bromide-stained agarose gel to check ¢geevery of the product (Figure

6c).

3.2 Tissue and developmental stage expression of RQ

3.2.1 Tissue expression

AQP 4886 _gp and AQP 0306_gp genes were PCR-antpkiiel cloned fronG.
pallidipessalivary gland cDNA. Therefore, both of these AQRse localized in the
salivary glands of tsetse flyG. pallidipes. Water channel proteins were also
expected to be expressed in other tsetse fly ss®specially the regions known to
be involved in high water-flux in most insect§emi-quantitative RT-PCR
demonstrated the presence of AQP 4886_gp mRNAdrHiee tissues studied @
pallidipes malpighian tubules, midgut, and testes. Howe&&% 0306_gp, included
for comparative expression studies, was abseihieistudied tissues (Figure 7a). The
tissue specificity, functions and some pathologioaplications of thirteen human
AQPs have been reported (Gheorghe, 2009). The eds#nhAQP 0306 _gp in the
malpighian tubules and midgut may point to its liol¢he salivary glands where it is
expressed. Because of its expression in all coreideissues, AQP 4886 gp

attracted our attention to study it further.
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(691 bp)
Figure 7a. The tissue expression of AQP 4886 _gp and AQP (O396n G.
pallidipes Semi-quantitative RT-PCR products were electropbed through 1%
ethidium bromide-stained agarose gel. The loadndgroof the samples in the above
lanes was as followd: 1Kb Smart DNA ladder (Eurogentec Inc., North Armoaji
Lane 1. Negative control (lacked only the cDNA templateanes?2, 5, and 8:
Internal control (GAPDH) for malpighian tubules (MTmidgut (MG), and testes

(TE), respectively. Lanes, 6, and 9: AQP 0306 gp in MT, MG, and TE,

respectively. Lane4, 7, and 10:AQP 4886_gp in MT, MG, and TE, respectively.

3.2.2 Life stage expression of AQP 4886_gp

Semi-quantitative RT-PCR analysis of life cyclegsetsi revealed that AQP 4886_gp
mRNA was present in whole body extracts diristar larva, a day old pupa, 15-days
old pupa, unfed teneral fly, and 30-days old athkétse fly (Figure 7b). The AQP

4886_gp transcript was detected at lower levebindl stage, while the transcript
was particularly abundant in teneral stage of leThese results were consistent for

the three independent semi-quantitative RT-PCR raxjgats performed.
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AQP 4886 _gp
GAPDH

Figure 7b. The life stage expression of AQP 4886 _gpGn pallidipes RT-PCR
products were electrophoresed through 1% ethidivomlue-stained agarose gel.
The loading order from left was as follows; LaheNegative control (no cDNA
template), Lan€@: 1% instar larva, Lan&®: One-day old pupa, Lang& 15-days old
pupa, Lane5: Teneral fly, and Lané: Adult tsetse fly.M: 1Kb DNA ladder,

Fermentas, USA. Gel loading was normalized to GARB®O bp product).

3.3 AQP 4886 _gp sequence analysis

3.3.1 Topology and homology of AQP 4886 gp

The AQP 4886_gp encodes a protein containing 22naacids (An equivalent of
681 bp) with a predicted molecular weight of 25.%X2a and an isoelectric point of
5.36. Topology and hydrophobicity predictions shdvteat AQP 4886 _gp has 6
transmembrane-spanning regions and cytosolic N-G@ntermini (Figure 8) as is
standard for AQP family member§&lieorghe, 2009)AQP 4886 _gp possesses two
characteristic NPA (asparagine, proline, alaninesn-Rro-Ala) motifs in
transmembrane loops B and E at positions 57-591&@B€ll 75, respectively. Loop B
(intracellular) and loop E (extracellular) foldganthe membrane and interact with
one another to form an ‘hour-glass model’. Consatiye NPA motifs interact,

generating a functional water pore (Sprieg al., 2009). There are a total of 6
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predicted phosphorylation sites in AQP 4886_gp; éwmav, three of these sites are
within transmembrane regions (highlighted in red amderlined in the following
Table 2). Two intracellular residues potentiallwaived in regulation of water
transport were identified (Ser140, and Ser215 itdiction scores of 0.977, and
0.995, respectively). Phosphorylation of RsAQPRbipicephalus sanguineuwith
four predicted phosphorylation sites, was studisithgia protein kinase C activator
(phorbol 12, 13-dibutyrate) and resulted into restlevater flux (Andrewet al.,
2009). Therefore, phosphorylation status of AQFcatds role in water transport

regulation.

Table 2. The six transmembrane helices of AQP 4886 _gp. Tiienined residues,
which are highlighted in red, are the predictethidraembrane phosphorylation sites

(NetPhos 2.0).

No. N terminal Transmembrane region C terminal Type
1 |1 MLFAELAGTFLLVIIGIGSCTSG |23 PRIMARY
2 |27 SPSVPQIAFTFGLTVATLAQTIG | 49 SECONDARY
3 |68 GEM LLKAIFYIIVQCVGAMAGS |90 PRIMARY
4 117 GQASGIEAFITAILVLVVKAVSD 139 PRIMARY
5 1148 SAPLAVGLAIATGHLCAIKLTGA 170 SECONDARY,
6 |192 VYWIGPLVGSVVAAVIYKLIFKQ 214 PRIMARY

Prediction of transmembrane helices was done (®®gUI software:

http://bp.nuap.nagoya-u.ac.jp/sosui/.
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Figure 8. The membrane topology of AQP 4886 gp. Using ptedicresidue
software, the amino acid sequence for AQP 4886 gp plotted using SOSUI
(http://bp.nuap.nagoya-u.ac.jp/sosui/) as it wapgear in the plasma membrane of
cells prior to complete folding of pore hemispheirgs the hourglass shape. Loops
are labeled A-E and transmembrane regions I-VI. fidee rounded rectangles with
red outline represent the two NPA motifs. Hydropbalesiduesblack Positively
chargedblue, Negatively Chargeded. The two dark-redrrows indicate predicted
intracellular phosphorylation sites (Serl40 and 2$8y. The average of

hydrophobicity of AQP 4886 _gp is 0.797778.
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The Swiss-Pdb Viewer (http://www.expasy.org/spdiséjver was used to predict

the 3D structure of AQP 4886_gp. The two ‘NPA’ cengd motifs interacted at the

centre of the pore as expected (Figure 9).

Figure 9. The 3D structure of AQP 4886_gp. (A) Shows théaibdiagram of AQP
4886_gp monomer, while (B) shows its space-filimgdel. The projecting residues,
in stick representation and coloured white, shownthe middle of the pore

(surrounded by the helices) indicates the intemgdidPA motifs.

3.3.2 Sequence comparison and evolutionary relatiships of AQP 4886 _gp

The two salivary gland homologues froB@ m. morsitandGMsg 4886) ands.

pallidipes (AQP 4886 gp), differ in their gene sequences aemanstrated by
nucleotide sequence alignment (Appendix 1). Thdsenges (mutations) in the
aquaporin gene sequence in these two differentieped tsetse fly, belonging to
morsitans group that occupy mainly savanna areadd affect the rates of water

exchange across the water channels.
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A BLAST analysis using AQP 4886_gp nucleotide amdtgin sequence ofs.
morsitans morsitanganscriptome@enéB) yielded 98.2% identity to GMsg 4886
(http://old.genedb.org/genedb/Search?organism=igla&aame=GMsg-
4886&isid=true). A comparison of the coding sequené AQP 4886 gp with the
NCBI GenBank database, using tBLASTx algorithm,eaded the highest amino
acid identities toG. m. morsitangGM-509 (EZ422025) and GM-513 (EZ423775)
putative AQPs with 99.3% and 99.1% sequence idesititespectively. Other best
hits revealed by the search included; the polypepéncoded by the adult buffalo
fly, Haematobia irritans exiguawater channel (BFWC1) mRNA (with 71.7%
identity), followed by 70.0% identity tdrosophila melanogasteintegral protein
(DRIP; aquaporin) (Table 3).

A multiple sequence alignment (CLUSTALW) of the AQ#886_gp coding
sequence with other aquaporin sequences is shovwigure 10. This alignment
illustrates the highly significant amino acid segce homologies between ti&
pallidipes AQP 4886 _gp sequence and several insect aquagemirences deposited
in GenBank of NCBI. In particular, the two ‘NPA’ &amo acid sequence motifs are a
characteristic feature of all aquaporin channetgins (Agreet al., 1993b; Knepper,
1994) and AQP 4886 _gp sequence contains thesesmasifwell as surrounding
regions of identical and conserved amino acidgdogon of the multiple alignment
also shows closer similarity between AQP 4886_gpusace and the eight insect
AQPs, as opposed to the five vertebrate AQPSs, vefipect to the location of the
gaps introduced into the sequences. The protetardie tree, as described below

(section 3.3.3), illustrates these relationships.
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Table 3. Similarity of AQP 4886_gp deduced protein sequenoceather related AQP

proteins. NCBI GenBank database was scanned foology

Acc. No Description % E value Reference
Identity
(EZ422025) Transcriptome Shotgun Assembly (TSA99.3% 7e-86 Alves-Silva
G. morsitans morsitanGM-509 mRNA etal.,2010
(EZ423775) TSA:G. morsitans morsitanssM-513  99.1% 4e-145  Alves-Silva
mRNA sequence et al.,2010
(U51638.1 Haematobia irritans exigua water 71.7% le-103  Elvirt
channel (BFWC1) mRNA, complete cds al.,1999
(NM_165833.) Drosophila melanogast DRIP, 70.0% 1e-90 Hoskinset
transcript variant A, mRNA al., 2007
(AF218314.) Aedes aegyr aquaporin  mRNA 59.2% 4e-41 Pietrantonic
complete cds et al,2000
(X97159.9) Cicadella viridismRNA for aquaporin 53.3% 2e-64 Le Caherec
et al.,1996
(NM_001043454.) | Bombyx moi aquaporin (AQ-Bom1l), 52.9% 3e-58 Kataoka et
mRNA, complete cds al., 2009
(U48397.) Mus  musculus mercurial-insensitive 51.4% 2e-52 Met al.,
water-channel 1 (mMIWC1) mRNA, 1996
complete cds
(NM_001085862.1 | Xenopus laevisaquaporin 2 (collecting 49.1% 4e-59 Kubotat
duct) (AQP2), mRNA, complete cds al., 2006
(NM_001105719.1 | Rattus norvegicusnajor intrinsic protein 45.8% 6e-54 Gregt al.,
of lens fiber (MIP), mRNA 2009
(U34846.1 Human  mercurial-insensitive  water45.3% 2e-52 Yangt al.,
channel mMRNA, form 2, complete cds 1995
(NM_001101199.1 | Bos taurusaquaporin 2 (collecting duct)44.8% 7e-53 Zimiret
(AQP2), mRNA al., 2009
(NM_008600.4 Mus musculusnajor intrinsic protein of 43.8% 2e-53 Riverat.
eye lens fiber (MIP), mMRNA al., 2009

The table shows the best thirteen database matchése basis of their percentage

identity (to AQP 4886_gp) anH values. Abbreviations used are as listed from the

NCBI GenBank search. The accession numbers (Aec3taown in the first column.
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Figure 10. Multiple sequence ahgnment of AQP4886_ gp wntatedj AQP channel proteins from the GenBank datalﬁenwences were aligned using @ldJSTAL W (1.8) programme

-------------------------------------------------------------------------- M_FAELAGTFLLVI | Gl GSCTSGA- - - - DWSPSVPQ AFTFGLTVATLAQTVGH S
------------------------------------------------------ MKADVBKFI G SEFTQNRKI WRM_FAELAGTFLLVI | Gl GSCTSGA- - - - DABPSVPQI AFTFGLTVATLAQTI GHI S
---------------------------------------------------- MVEKL DVBAVVGVKDI TDNKKI WRQLIVAEL | GTFFLVWI GVGSCTGGS- - - - EWSPSI PQI AFTFGLTVATLAQAI GH S
---------------------------------------------------- MVEKTENMSKFVGVADI TENKKI WRM_L GELVGTFFLI FVGVGSTTSG - - - - - - - - SVPQAFTI FGLTVATI AQGLGHLS
----------------------------------------- MLPI FSKLQNRENLRKGVKQ VGVADI TDNRNI VRI LI AEFLGTFLLVS| Gl GSTTGAA- - - - DYSPSMPQI AFTFGLWATLAQAFGHVS
---------------------------------------------------- MIESAGVKQLVGVADI TENRNI WRMLVAEFLGTFFLVS| G GSTMBAGG - - DYAPTMIQl AFTFGLWATLAQAFGHVS
-------------------------------------------------- MATKTTEKTSSI | GLSDVTDNKLI WRQLVAELVGTFLLTSI GVAAC Tl NA- - - STAPHTTSI ALCFGLLVGSI VQA GHVS
------------------------------------------- VEDI SSSGEEI SMKAI SKVI GVPDI RDGPTLTKCI VAEFVGTLLLVLI GOVBVAFVHQ - - DNFVDWKI AVAFGLI | ASWQAI GHVS
------------------------------------------ EHTLQLAMAADKSVDNTKKI | G DDI TDTKTI WRCLAAELI GTLLLVLI GTGSCTGVQ - - - SEGDVWVRI ALTFGFI | ATWQCI GHVS
---------------------------------------------------------------- MRNEI CSLAFVRAVFAEFLATM FVFLGLGSALSVK- - - - PSLPNVLQ SLAFGLAI STLVQAFGHVS
----------------------------------------------------------------- MAEL RSASFVRAI FAEFFATL FYVFFGLGASLRWA- - - - PGPLHVL QVALAFGLALATLVQTVGH S
------ MRKNHACFVETPNLAGEGVBDRPTARR: - - - - - - - - - - - - - - - WBKOGPL CTRENI MVAFKGVWI QAFVKAVTAEFLAML | FVLLSLGSTI NWGGTEKPLPVDWLI SLCFGLSI ATWQCFGH S

————————————————————————— MBDGAAARR:- - - - - - - - - - - - - - - - WBKCGPPCSRES| WAFKGYW QAFVKAVTAEFLAMLI FVLLSVGSTI NWGGSENPLPVDWLI SLCFCGLSI ATWQCFGHI S

KQSFL DCKECSANHRQT ARL QPDPL PPDFNVRSSWKARL VT SDL HYVL L SSKCGHSCSRES|I MVAFKGVWT QAFV\KAVSAEFLATLI FVLG VGSTI NWGEGSENPL PVDWLI SLCFGLSI ATM\/(XZLGHI S

* k- . * ok ek

GCHI NPAVTVGFLI VGEMTLLKAI FYI | AQCVGAMAGSAVLSLAI PDT- - - LGSNGLGVSNFS- SLSAGQAVSI EAFI TAI LVLVWKAVSDSKRQDI TGSAPLAVCGLAI ATGHL CAI KLTGASMNPARSFG
GCHI NPAVTVGFLI VGEMTLLKAI FYI | VQCVGAMAGSAVLSLAI PDT- - - LGSNGLGVSNFS- SLSAGQAVSI EAFI TAI LVLVVKAVSDSKRQDI TGSAPLAVGLAI ATGHL CAI KLTGASMNPARSFG
GCHI NPAVTVGFLI VGENBI | KSVLYI AVQCVGAI AGAAVI KVGVSEA- - - VSGLDLGVSSFSSTLTVGQAVLI EALI TFI LVWVVKGVSDPGRTDI KGSAPLAVCGL SI AAGHL CAl KLTGASMNPARSFG
GCHI NPAVTLGFLI VGEI SI LKAAFY! | VQCVGAI AGAAVI KVAL - DG - - VAGEDL GVSSFDPSLNCAQAVLI EALI TFI LVFVWWKAVSDPGRQDI KGSAPLAVGLAI AAGHL CAl KL SGASMNPARSFG
GCHVNPAVTCGLWTGDVSI LKG FYI ACQCI GAI AGAALI KVGTPPA- - - YVG- MLGNTTLHADL TPAQGVLI EALI TFI LVFVWHGVSDPRRSDNKNAVPL SVGL SI TAGHLAAI KFTGASMNPARSFG
GCHI NPAVTI GLM TADI SI LKGAFY!I VSQCVGAI AGAALI KAATPSD- - - VI G GLGVTG DPRLTAGQGYMVEALI TFI LVFVWHGVCDNRRSDI KGSAPLAI GLSI TAGHL SAI KYTGASMNPARSFG
GGHI NPAVTAGLFAAGDI KLLKAI FYI WQSLGAVAGAAFI RLAI PAD- - - SI G- GFGVTLPGPGVTEAQAVLVEAL | TFVLVMWMGVCDPQRNDLKGSAPLAI GLSI TACHAAVI PFTGSSMNPARTFG
GCHI NPAVTCGLAVSGHVSI | KGWLYI VAQCLGAI CGAI | LNEI TPKTGYTAAG- NLGVTTLSTGVSDLQGVAI EALI TFVLLLVWQSVCDGKRTDI KGSI GVAI GFAI ACCHLAAI KYTGASMNPARSLG
GCHI NPAVTCGLLVTGHI SI LKAI FYI | VQCVGAI AGSAI LKVI TPAE- - - FRG TLOMTSLAPGVTPPMGFLVEACH TFVLI LLVQSVCDDRRKNL GNAAPVAVCLAI TCCHLAAI KYTGSSMNPARSFG
GAHI NPAVTVAFLI GCHI SFLRALFYI | AQLVGAI AGAAI VRAVAPLD- - - VRG- NLAI NAI NSG- SPGQACAVEL FL TFQLVL CVFASTDSRRSDNVGSPALSI GLSVTVGHLLG YLTGCSMNPARSFG
GAHVNPAVTFAFLVGSQVELLRAFCYI AAQLL GAVAGAAVL YSVTPPA- - - VRG- NLALNTLHAGVSVGQATTVEI FLTLQFVLCI FATYDERRNGRMGSVALAVGFSL TL GHLFGWYYTCGAGVNPARSFA
GGHI NPAVTVAWVCTRKI SI AKSVFYI AAQCLCGAI | GAG LYLVTPPS- - - WG GLGVTMWHGNLTAGHGLLVELI | TFQLVFTI FASCDSKRTDVTGSI ALAI GFSVAI GHLFAI NYTGASMNPARSFG
GGH NPAVTVAWCTRKI SI AKSVFYI TAQCLGAI | GAG LYLVTPPS- - - WG GLGVTTVHGNLTAGHGLLVELI | TFQLVFTI FASCDSKRTDVTGSVALAI GFSVAI GHLFAI NYTGASMNPARSFG
GGH NPAVTVAWVCT! RKI SI AKSVFYI I AQCLGAI| GAG LYLVTPPS— --WG GLG\/T TVHGNLTAGI-GLLVELI I TFQ_VFTVFASCDSKRTD\/TGSI ALAI GFSVAI GHLFAI NYTGASM\IPARSFG

ook kkkkk . Rk kR Ok . . . . . . .*..*****I.
PAVWHD- VAENHW/YW GPLVGSWWAAVI YKLI FKQ- - = - = - < = ==« 2w e e e e oo SKEDDDTNSYDF- - - = - = = < == <= = om e o e oo
PAVWHD- VAENHW/YW GPLVGSVWAAVI YKLI FKQ- - < - < = < = - = < =2 xm e e e e e oo SKEDDDTNSYDF- - - = - = = = < == == = w e oo e mee e m e
PAVWQN- MAI DHA/YVIVGPI VGAI VAALLYKFVFKV- - - - « =« = <« 2w e e e oo RKGDDEANSYDF- - - = - = = = < == == o m e e o e e
PAWGQG VWWIYHW/YVWGP! AGELLAG! | YRLI FKV- - < -« = < o c s mmea e e e e RKGDDETDSYDF- - - = - = =« == ==« = m e e e e e m e
PAWNG- FWENHW/YVWGP! LGG | AGLVYRFI FKV- - - -« -« < w e meee e e KKGDGEASSYDF- - - = - = = = === == mm e mm o e e
PAVWNG- NWIDQAVYVWGP! VGE LAGAVYRLFFKV- - « - « <« -« c 2 maea e e e e e RKGDEE- - SYDF- - - = == == == == mm e e e oe e e
PALVI G- NWTSQAVYVWGPVWGSWWAGLLYKFALRI - - - - = =« = < w2 mm e e me e oo KKAGDTG SYDF- - - = = = === == mm e e m e oo
PAFVSG- | WDKHW/YVAGP! LGBVTASLLYAI TFKA: - « -« = < = o cwmme e e e e e e KKRSDE- SSYDF- - - = - = - = = == == <=z oe e e e m e
PAVNGDDNWANHW/YVAGP! VGBWAG TYRALFRA: - - - = - < - - =« e m e e oo oo RKPEEEASSYDF- - - = - = = < <= == mmom e o e e
PAAI TG- | FTDHWFW GPLVGE MASLFYNYI FFP- - - - - - H- KKSFSDRLAI LKGTYQPEEAVDNKQEQRRQSVEL YSAHPLPKVI DKF- - - - - - < - = - = - - - - -
PAI LTR- NFSNHVW/YW/GPI | GGGLGSLL YDFLLFP- - - - - - R- LKSVSERLS| LKGARPSD- - SNGQPEGT GEPVELKTQAL- - - - = = == = = < == == o= == - - < -

PAVI MG NVENHW YW/GPI | GAVLAGAL YEYVFCPDVEFKRRFKEAFSKAAQQTKGSYMEVE- - DNRSQAKTDDLI LKLGVVHVI DVDRGEEKKGKDQSGEVL SSV
PAVI MG- NIENHW YW/GPI | GAVLAGAL YEYVFCPDVEL KRRL KEAFSKAAQQTKGSYMEVE- - DNRSQVETEDL | LKPGVWHVI DI DRGDEKKGKDSSGEVL SSV
PAVI M5 NV\ANH\N YWGPI NGAVLAGALYEYVFCPD\/ELKRRLKEAFSKAA@T KGSYMEVE- - DNRSQ\/ETEDLI LKPG\/\/H\/I DI DRGEEKKGRDSSGEVLSSV

* * Kook kK. Kk *

with identical residues indicated b) @nd conserved residues shown by (:). Sequenoeewiations are described in sect®8.2 and 3.3.3. The ‘NPA’ motif signatures areenfided.
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3.3.3 Phylogeny

The evolutionary history of AQP 4886 _gp (Figure Mas inferred using the

Neighbor-Joining method (Saitou and Ni, 1987) drelgercentage of replicate trees
in which the associated taxa clustered togetherthm bootstrap test (10,000
replicates) are shown next to the branches (Fekiend985). The tree was drawn to
scale, with branch lengths in the same units asettud the evolutionary distances
used to infer the dendrogram. The evolutionaryatisés were computed using the
Poisson correction method (Zuckerkandl and Paull®$5) and are in the units of
the number of amino acid substitutions per sitd. pisitions containing gaps and
missing data were eliminated from the dataset (detmp deletion option).

Phylogenetic analyses were conducted in MEGA4 (Tramual.,2007).

Three major clusters of sequences resulted from dhalysis. The first group (i)
comprises the insect aquapori@s; m. morsitangutative AQPs (GMsg 4886, GM-
509 and GM-513)D. melanogasteDRIP geneHaematobia irritans exiguavater
channel (BFWC1)Aedes aegyptaquaporin,Bombyx moriAQP, andCicadella
viridis AQP. The second group (ii) comprises MIP-homolesgdeom a frog
(Xenopus laevys house mouséMus musculus and cattle Bos tauruy, while the
third group (iii) contains members of the mercumgeansitive AQPs isolated from
brain tissue of a house mouse, and human. Theiprdigtance tree shows that the
database-retrieved vertebrate MIPs are less relatéd@P 4886 gp as compared to
insect AQPs, a result which is consistent with ipldtsequence alignment presented

in Figure 10.
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Figure 11. A dendrogram o6. pallidipesAQP 4886 _gp deduced protein sequence

to other related MIP-family sequences listed inl&&h

3.3.4 Prediction of putative AQP 4886_gp function

A number of AQPs have been studied and functionailgracterized as either pure
water channels or aquaglyceroporins that can tahswater and other small
molecules such as glycerol or urea. The atomidutiea structures of human AQP1
have been solved using electron microscopy at daumedesolution (3.8 A; Murata
et al., 2000). Since then, more structures came up inotydihe E. coli glycerol
facilitator, GIpF (2.2 A; Fuet al., 2000) and bovine AQP1 (2.2 A; Seii al., 2001).
Water permeation in AQPs has been extensively etiudhy classical molecular
dynamics simulations (Zhet al.,2001). The constriction region of GlpF was found
to be almost 1 A wider than in AQP1 which gives avafavourable steric

accessibility through both the AQP1 and GlpF chémbat not glycerol in AQP1
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(Suiet al.,2001). The residues at the selectivity filter (@vgtore) between classical
water channels and aquaglyceroporins also diffar.e® al (2001) identified three
residues, in the water pore, responsible for wapercificity of bovine AQP1 (i.e.
R197, H182 and F58) and further illustrated corestgon of these three residues
across the studied water-specific AQPs, unlikegnaglyceroporins, through amino
acid sequence alignments. By the same approackhrée conserved residues in the
AQP1 constriction region were identified in AQP 888p sequence (Figure 12,
conserved residues at positions; R176, H161 and. H3¥erefore, AQP 4886 _gp
may only transport water and not any other smathanged solutes such as glycerol

and urea (as is the case for aquaglyceroporins).
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hAQPL e - VASEFKKKLFWRAVWWAEFLATTLFVFI SI GSALGFKYPVGNNQT- - AV 46

bAQPL e VASEFKKKLFWRAVWWAEFLAM LFI FI SI GSALGFHYPI KSNQTTGAV 48
DRI P MVEKTEMSKFVGVADI TENKKI WRMLLGELVGTFFLI FVGVGSTTSG- - ----------- 47
AQP4886_gp W ---mmmmemmmmm-aoo---- M.LFAELAGTFLLVI | G GSCTSGAD- - - ----- - Ws 27
AQPZ e oo MFRKLAAECFGTFW.VFGGCGSAVLAAG: - - - - - FPELG 33
hAQP3 - MGRQKELVSRCGEMLHI RYRLLRQALAECLGTLI LVMFGCGSVAQVVLSR:- - - - - - GTH 53
d pF - MBQTSTLKGC- - ------------ | AEFLGTGLLI FFGVGCVAALKVAG - - - - - ASF 39
* S *
hAQP1 QDNVKVSLAFG.SI ATLAQSVGH SGAHLNPAVTLGLLLSCQ SI FRALMYI | AQCVGAI 106
bAQP1 QDNVKVSLAFG.SI ATLAQSVGH SGAHLNPAVTLGLLLSCQ SVLRAI MYl | AQCVGAI 108
DRI P - SVPQ AFTEGLTVATI AQGLGHLSGCHI NPAVTLGFLI VGEI SI LKAAFYI | VQCVGAI 106
AQP4886_gp PSVPQ AFTEGLTVATLAQTVGHI SGCHI NPAVTVGFLI VGEMILLKAI FYI | AQCVGAM 87
AQPZ | GFAGVALAFGLTVLTVAFAVGHI SGGHFNPAVTI GLWAGGRFPAKEVWGYVI AQUWGEE 93
hAQP3 GGFLTI NLAFGFAVTLG LI AGQVSGAHLNPAVTFAMCFLAREPW KLPI YTLAQTLGAF 113
d pF G QVEI SVI WELGVAMAI YLTAGVSGAHLNPAVTI ALW.FACFDKRKVI PFI VSQVAGAF 98
: . .*' : :** *:*****..: . . . * *.:
hAQP1 VATAI LS- G TSSLTGNSLGRNDLADGVNSGQ - - ---=-=---------- GLd ElI I GTLQ 148
bAQP1 VATAI LS- G TSSLPDNSLGLNALAPGVNSGQ - - ----=---------- GL.d El Il GTLQ 150
DRI P AGAAVI KVALDGVAGG- DLGVSSFDPSLNCAQ- - - ----=---------- AVLI EALI TFI 148
AQP4886_gp AGSAVLSLAI PDTLGSNGLGVSNFS- SLSAGQ- - --------------- AVSI EAFI TAI 129
AQPZ VAAALLYLI ASGKTGFDAAASGFASNGYGEHSPG: - - - - - - - - GYSMLSALWVELVLSAG 144
hAQP3 LGAG VFAYYDAI WVHFADNQLFVSG- - - PNGTAG FATYPSGHLDM NGFFDQFI GTAS 170
A pF CAAALVYGLYYNLFFDFEQTHHI VRGSVESVDLAGTFSTYPNPHI NFVQAFAVEMWVI TAI 158
hAQP1 LVLCVLATTD- - RRRRDLGGSAPLAI GLSVALGHLLAI DYTGCG NPARSFGSAVI TH- - 204
bAQP1 LVLCVLATTD- - RRRRDLGGSGPLAI GFSVALGHLLAI DYTGCGE NPARSFGSSVI TH-- 206
DRI P LVFVVKAVSD- - PGRQDI KGSAPLAVGLAI AAGHL CAl KL SGASMNPARSFGPAW(G- - 204
AQP4886_gp LVLWKAVSD- - SKRQDI TGSAPLAVGLAI ATGHL CAI KLTGASMNPARSFGPAVVHD- - 185
AQPZ FLLVI HGATD- - KFAP- - AGFAPI Al GLALTLI HLI SI PVTNTSVNPARSTAVAI FQGGW 200
hAQP3 LI VCVLAI VDPYNNPVPRG- LEAFTVGLWLVI GTSMGFNSGYAVNPARDFGPRLFTALA 229
d pF LMGEI LALTD- DGNGVPRGPLAPLLI GLLI AVI GASMGPL TGFAMNPARDFGPKVFAWA 217
. . * . k. . . sk k ok ok .
hAQPL  aeeeee- - NFSNHW FW/GPFI GGALAVLI YDFI LAPRSSDL TDRVKVW SGQVEEY 253
bAQPL e NFQDHW FW/GPFI GAALAVLI YDFI LAPRSSDL TDRVKVW SGQVEEY 255
DRRP  eeeeeeee--- VW YHWYW/GPI AGGLLAG | YRLI FKVRKGD- - - - - --- - - DETDSY 243
AQP4886_gp @ ----------- VVENHW/YW GPLVGSVWVAAVI YKLI FKQSKED- - - - - - - - - - DDTNSY 224
AQPZ  eeeeeeee-- ALEQLWFFW/WVPI VGA | GALI YRTLLEKRD- - - - - - - - === === - - - - 231
hAQP3 GAGSAVFTTG - QHWAWAWPI VSPLLGSI AGVFVYQLM GCHLEQPPPSNEEENVKLAHVK 287
d pF GAGNVAFTGGRDI PYFLVPLFGPI VGAI VGAFAYRKLI GRHLP- CDI CVWEEKETTTPSE 276
* - * * ..

Figure 12. Amino-acid sequence alignment of bovine AQP1 (bARMPLmMan AQP1
(hAQP1), human AQP3 (hAQP3E. coli AQPZ, Drosophila integral membrane protein
(DRIP), AQP 4886 _gp, and. coli GIpF produced using CLUSTALW. Residues lining
the extended narrow pore (selectivity filter) ofvbe AQP1 and human AQP1 are
indicated by underlined red bolden letters. The ANRotifs are italicized. The known
aquaglyceroporins (GlpF and hAQP3) were includedthie above alignment for
comparison of the conserved residues in water-8pgQPs. The identical residues are

indicated by (*) and conserved residues shown )y (:
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3.4 RNA studies

3.4.1 Gene cloning and sequencing

AQP 4886_gp gene was successfully amplified from tsetse flyG. pallidipes
salivary gland cDNA, ligated into pGEMT Easy vector and subsequently
subcloned into pLL10 RNAplasmid (Appendix 1). The presence of T7 promoter
sites on both ends of the insert (in pLL10 plasmidys confirmed before proceeding

with in vitro transcription.

3.4.2In vitro transcription

It was important to ensure that the plasmid DNAeistively free of contaminating
proteins and RNA in order to have greatest yieldsnfin vitro transcription
reactions. The circular pLL10 plasmid containing R@886 gp gene was digested
to linearize the plasmid downstream of the insEhnis is because RNA polymerases
are very processive hence can generate extremealy, lbeterogeneous RNA
transcripts from the circular plasmid template.fBs¢nse and antisense RNA strands
were prepared from the AQP 4886_gp gene that wasedlinto pLL10 vector. The
resultant two complementary RNA strands were amketdgether to form a duplex
that was purified and then quantified. The dsRNAiah concentration of 159.79
png/mL was further concentrated to 5 pg/pL througimanium acetate precipitation
procedure. The dsRNA was loaded on 1% ethidium herstained agarose gel to
visualize the expected band size (Figure 13). Tdlergsults indicated two bands
after the nuclease digestion and purification stepge at the expected size and the

other at double the expected size. The dsRNA thatains double-sized band has
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been reported before and does not affect RfWfegascript RNAkit, Ambion, 2130

Woodward St. Austin TX 78744). The RNA was storeel8 °C.

<€— Adouble-sized band

0.75 Kb— L ol <— AQP4886_gp

Figure 13. Purified dsRNA for microinjection studies (Lanesafid 2).M: 1 Kb

DNA ladder, Fermentas. The arrow indicates thetjwsof desired product.

3.4.3 Verification of gene silencing

The degree of knockdown achieved was monitoredraggg in the salivary glands,
midgut and remaining carcass of the fly by semingitative RT-PCR using RNIA
Fw4886 and RNARv4886 primers (Table 1) to amplify 597 bp produttwhole

fly homogenate was also included for analysis. RKRRdemonstrated that day 10
post-injection, AQP 4886 _gp transcripts were abseragxperimental flies (Figure
14). The disappearance of salivary gland transciats also observed on day 8. On
day 12 post-injection, the transcripts in differeissues was detected again. This

indicated transient gene knockdown.
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Figure 14. Verification of gene-knockdown. The PCR productseveeparated on a
1% agarose gel electrophoredis. 1Kb DNA ladder, Fermentas.

Test sampleqdsRNA-injected;T1-T4): T1- Test salivary gland (SG)[2- Test
midgut (MG), T3- Test carcass (CAR), an@4-Test Whole fly (WF). Control
samples(NFW-injected;C1-C4): C1- Control SG,C2- Control MG, C3- Control
CAR, andC4- Control WF. The upper band in each lane represAQP 4886 _gp
(681 bp product), while the lower one is the in&roontrol (GAPDH, 400 bp
product).—ve: represents the reverse transcriptase negativeotaamprising the

reaction without reverse transcriptase enzyme.
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3.4.4 Effects of AQP 4886 _gp knockdown on feedingaess and survival rates
Trends of reduced feeding were observed in the dsRiécted group (Table 4),
particularly on day 1 post-injection, where 12dli@ut of 34, did not feed after two
attempts to supply them with blood source. In thelease-free water (NFW)-
injected control group, a total of only three flidisl not feed on first two days after
injection. On the other hand, all flies in the yeated control group fed. The
reduction in feeding trends for the injected groomsy have been contributed by the
injuries inflicted on flies by the injection needféhilling of flies at 4 °C for 30 min
did not seem to affect feeding because all flies Were only chilled and not injected

fed until the last day of analysis.

Survival rates of 83% (6 flies died, total numbéflies in each group was 35; Table
4) were observed for both dsRNA- and NFW-injeclezsf All flies in the uninjected
control group survived to the last day of analysdicating that chilling of the flies
at 4°C for 30 min simply makes them inactive, Buisinot lethal. The mortality
cases in NFW-injected control group was recordeddfdy two days after injection,
while in the dsRNA-injected flies, the mortalityén though low) was noted almost
daily (Table 4). The higher mortality of the NFWrtml group during the first two
days after injection could have been caused bynioey inflicted on the flies by the

injection needle and handling stresses during filgec
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Table 4. Microinjection experiment on male tsetse f{g, pallidipes The teneral

flies were followed for 12 days after treatmentcEaroup consisted of 35 tsetse

flies.
TREATMENT DATE Total No. | Total No. No. of Flies | No. of flies that
Alive Dead that Fed did not feed
31.03.2010
TEST FLIES Injected (dsRNA) | - - - -
(dsRNA-AQP4886_gp) 1.04.2010 34 1 22 12
2.04.2010 33 1 32 1
N =35 4.04.2010 27 1 26 1
6.04.2010 21 1 20 1
8.04.2010 15 1 15 0
10.04.2010 9 1 9 0
12.04.2010 3 0 - 0
- - 6 - 15
Totals
31.03.2010 - - - -
INJECTED CONTROLS Injected (NFW)
(Nuclease-Free Water) 1.04.2010 33 2 31 2
2.04.2010 31 3 30 1
N =35 4.04.2010 23 0 23 0
6.04.2010 18 0 18 0
8.04.2010 13 0 13 0
10.04.2010 8 0 8 0
12.04.2010 3 0 - 0
- - 6 - 3
Totals
31.03.201(C - - - -
UNINJECTED Chilled on ice for
CONTROLS 30 min
(Chilled only) 1.04.2010 35 0 35 0
2.04.2010 35 0 35 0
N =35 4.04.2010 35 0 35 0
6.04.2010 35 0 35 0
8.04.2010 35 0 35 0
10.04.2010 35 0 35 0
12.04.2010 35 0 35 0
- - 0 - 0
Totals

3.5 Statistical analysis and data presentation

The average proportion of the fed flies was deteeaiiin each group. The data was
analyzed using Kruskal-Wallis rank sum test (whisha non-parametric test that
does not require the normality of the data). Thikowang result was obtained;
Kruskal-Wallis chi-squared = 6.597, df = 2, p-vale).03. The p<0.05 indicated
that the treatment groups (dsRNA-injected, nucldese water (NFW)-injected and

uninjected controls) were significantly differeffto further study the differences
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between different groups, the average proportioeseveubjected to a binomial test

for proportion (Table 5).

Table 5 The average proportion of fed flies in differegroups. All flies in the

uninjected control group fed throughout the analysriod.

TREATMENT Proportion fed |Standard error
Injected dsRNA 0.79 0.139
Injected NFW 0.8% 0.140
Uninjected controls 1.60 0

Average proportion followed by the same lower cétéer are not significantly

different at p<0.05 (binomial test for proportions)

The means and the standard errors of the thregograre graphically presented in
the figure below (Figure 15). There was no sigaificdifference, in terms of feeding

success, between the dsRNA- and NFW-injected gratips0.05

1.2

| a .

0.8

0.6

Mean

0.4

0.2

Test Injected Controls Uninjected controls

Figure 15.A graph that compares means and the standard efrtive three groups.

The data is provided in Table 5 above.
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3.6 Protein expression

Verification of gene knockdown is very important IRNAi studies. Semi-
guantitative RT-PCR and Western blotting technique® used widely for
confirmation of gene silencing. Currently, theree ato commercially available
antibodies for AQP 4886 _gp. Therefore, it was intgoatr to raise the antibody first
before conducting the Western blot experimentstudysthe protein profiles before
and after the gene knockdown. This was importanabge some proteins have long
half-lives such that they can still provide the géduanction in the absence of the
MRNA (due to gene silencing). This is important wiseudying gene functions.

The protein expression was done in bacteria (desdrin section 3.6.thelow) with
an anticipation to produce enough protein for rasithe antibody in rabbits.
However our results indicate that the aquapoririginowas highly toxic tde. coli,

thus could not be produced in detectable amounts.

3.6.1 Expression of tsetse fly protein (AQP 4886_pm E. coli

The expression of AQP 4886_gp (cloned into pRSETwWAE induced irE. coli
BL21(DE3)pLysS culture at an optical density (§4an of 0.6. The samples were
collected at different time points before and aftetuction with 1 mM IPTG. A
positive control, TcrX gene fromlycobacterium aviunsubspecieparatuberculosis
which had been cloned into pRSET-A, was includdte $amples were resolved on
12% SDS-PAGE. The positive control, TcrX, of ab8uitKDa effectively expressed
and was detectable through Coomassie staining r@idéa) and Western blot
(results not shown). Staining of AQP 4886 _gp proteixpected size of 28.74 KDa)

did not reveal any difference in terms of bandiragtgrn on SDS-PAGE (Figure
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16b). However, a unique band of approximately 45aKias present in the overnight
incubated sample. The 45 KDa protein was absent IRTG-induced
BL21(DE3)pLysS transformed with pRSETA vector. \est blot using HRP-
HisProbe did not with the 45 KDa band.

b) Test and negative control

pRSETA-AQP 4886_gp pRSETA vector
A A

a) Positive control

'O M T=0 T=3 UnON inON T=0 T=3 unON inON

66 “‘- : Vs

45

KDa

30

Figure 16. Protein expression i&. coli BL21(DE3)pLysS and resolution on 12%
SDS-PAGE.a) Positive expression control (TcrX protein) wasedtdble by both
Coomassie stainingb) Analysis of recombinant AQP 4886 gp 6x His-tagged
protein. A negative control of bacteria transformedh pRSET-A vector was
included.T; Time (h),ON; overnight incubated culture (UnON- uninduced, irON
induced overnight culture). The arrows indicatequei bands. Numbers on the left

indicate position of protein molecular markers.

3.6.2 Observation on growth profile of cells

The behaviour of recombinai. coli BL21(DE3)pLysS/pRSET-A/AQP 4886_gp
was different in the absence or presence of thecexd Immediately after IPTG
induction, the growth of recombinant cells was sted (Figure 17). There was no
inhibition of growth in the absence of inducer amtrease in ORonm Was
comparable in both control (carried pRSET-A vectand test cells (recombinant

pRSET-A/AQP 4886 gp). This indicated the toxicity the channel protein
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expression irE. coli which exerted negative effect on the cell growtranLet al
(2008) found out that fusion proteins such as rsaltoinding proteins, glutathione-s-
transferase and thioredoxin greatly improve theresgion of ark. coli aquaporin Z
in E. coli and imparts least toxicity to the cells. Thesetre¢ly larger fusion
proteins (as compared to common histidine tags)iraigkeventing the insertion of
recombinant protein into the membranesEofcoli, with hope that soluble proteins
are produced. However, these fusion proteins teridrm mostly inclusion bodies in

E. coli(Lian et al.,2009) which poses another difficulty to refold @retein.

3.5
3 -

25 - e

2 - /
15 1mM IPTG

600

(m]
Q — i
—i— pRSET4886/NI
1 —=—pRSET48386/I
0.5
I: IPTG-Induced
0 NI: Non-induced

0 1 2 3 4 5
Time (h)

Figure 17. The growth curve of transformed BL21(DE3)pLysS_B medium. The
cells were transformed with recombinant pRSET-A/AQ86 gp and growth
observed with (I; filled green squares) or with@t; filled dark triangles) induction

by 1 mM IPTG. The arrow indicates the point at iciion.
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Different conditions of IPTG and temperature wenepyed in order to optimize
the expression conditions. The growth media, LBthravas supplemented with
0.5% w/v glucose to repress induction of the promoter by lactose. The cultures
were induced at mid-log phase of growth @Jan~ 0.6) and also at an Qfdnm of
1.0 to study the effects of induction timing. Thesults were recorded in the
following Table 6. There was no significant impravent in terms of growth of cells
at different concentrations of the inducer and bation temperatures. However,

increased growth rate was noted from the increas®Dsoonm readings before

induction when glucose was supplemented in the anedi

Table 6. Expression of AQP 4886_gp i coli.

PRSETAVvectorin | BL21(DE3)pLysS pRSET/AQP4886in
TIME | BL21(DE3)pLysS | cCells BL21(DE3)plLysS
(Control 1) (Control 2) (Test)
ODgoonm at37°C
2.5hr | 0.663 0.678 0.700 | - - 0.645 | 0.657
3hr | 1.057 1.105 - 0.939 0.983 - -
Induction with IPTG
37°C 37°C 18°C | 25°C | 25°C | 37°C | 37°C
1mM 1imM ImM [ImM |2ZmM |0.5mM |1mM
3hrs | 2.413 2.336 0.862 1.076 1.060 0.76f 0.701
Shrs | - - 0.880( 1.096/ 1.066 0.712| 0.695
OIN 0.908 | - - - -

Induction was done under different conditions ofiperature, IPTG concentration,

and post-induction timing. Induction controls (lde2) were included to monitor

bacterial growth.

65



3.6.3 Detection of AQP 4886 _gp by SDS-PAGE and West-blot analysis

The expected band size of AQP 4886_gp monomer.i&g428Da. This protein was
not detected by Coomassie staining. However, Wedilet using HRP-HisProbe
revealed a band of 25 KDa in cells (induced atgafa of 0.9 and incubated at 25
°C) carrying recombinant expression plasmid (FiglBg However, the control cells
transformed with the expression vector also shoveadtivity at the same position
(data not shown). The detected cross-reacting iprateuld have been aB. coli

histidine rich protein.

KDa M P FT 10mM 20mM 60mM 200mM Resin +ve

35 J—
25 P

Figure 18. Western-blot detection of purified His-AQP 4886 _&pm E. coli
BL21(DE3)pLysSM; protein markerP; pellet,FT; flow-through (supernatant after
binding), 10-200mM; increasing concentrations of imidazole for elutioh the
fusion protein+ve: His-tagged protein used as a control in Westeoh{nocedure.
The arrow indicates unique bands. Numbers on thiénidicate position of protein

molecular markers.
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3.6.4 Similar work on aquaporin expression irE. coli

Elvin et al (1999) expressed an aquaporin gene (AqpBF1) frduft duffalo fly in

E. coli, XL1-Blue using pQE10 expression vector. AQpBF% [4.7% identity to
AQP 4886 gp according to NCBI GenBank search. Téiks evere grown at 37 °C
on double-strength LB medium to an §Bmof 1.0 and induced with 1.0 mM IPTG
and grown further for 2 hrs. The yield of AqpBFXeebinant protein was 8 mg
from 40 litres of IPTG-induced culture which impidow expression due to the
toxicity of the protein.

Another challenge of expressing toxic proteins En coli arises when basal
expression of the recombinant protein occurs befatection. That exerts a negative
effect in growth of bacteria which translates immimal yields of the protein. That
brings importance to the choice of the vector alst &he expression host to be
employed. The aquaporin gene was re-cloned andess@d under arabinose-
inducible arapBAD promoter of pBADHisA which is aome tightly regulated
system that curtails the problem of basal expredgieels inE. coli. Both full length

(ORF) and truncated AQP gene sequence were reetlone

3.7 Expression in pPBADHisA vector

3.7.1 Cloning into pBADHisA and sequencing

The AQP 4886 _gp gene was PCR-amplified (Figureus®)g gene-specific primers
(Fw 4886/Rv 4886Full length,Fw 4886t/Rv 4886Truncated gene. Table 1). Both
full length and truncated AQP 4886 gp genes weomer into pBADHisA. The

sequences were confirmed to be in frame and ingoropentation (Appendix 1).
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1 Kb—
0.5 Kb-

Figure 19. PCR amplification results of full length and trated AQP 4886_gp gene
Full length (1 and 2) and truncated (3 and 4) A@B64 gp gene as visualized in
ethidium bromide-stained 1% agarose dgdt. 1 Kb DNA ladder,C: Negative

control.

3.7.2 Expression of truncated AQP4886_gp and detémh by Western-blot

The truncated AQP 4886 _gp sequence cloned into glig® was transformed into
Rosetta(DE3)pLysS (Novagen, Inc. Canada), which ssrain ofE. coli that carries
rare tRNAs inE. coli thus could overcome the codon biasEofcoli for enhanced
protein expression.

A culture of 500 mL supplemented with 0.5% w/v glse was prepared and induced
at an ORg of 1.0 with 0.2% arabinose at 37 °C with shakih@@0 rpm for 3 hrs.
The protein was purified and resolved by 15% TIESSPAGE, and transferred into
nitrocellulose transfer membrane for Western blumdlgsis to detect 6xHis-tagged

proteins.
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Figure 20. Expression and Western-blot detection of purifiedHis-AQP 4886t in
E. coli Rosetta(DE3)pLysSM; protein marker,P; pellet, FT; flow-through
(supernatant after bindindd0-200mM; increasing concentrations of imidazotege:
His-tagged protein used as a control in Westerh{imocedure. The arrow indicates
the position of unique bands. Numbers on the Iefticate position of protein

molecular markers.

The expected monomer size of the truncated gerfel{gBwas 15.96 KDa (1 KDa
27 bp). The 6xHis fusion tag added 3 KDa, thus @&®a band was expected. A
band of 25 KDa showed reactivity (Figure 20) atda@ole concentrations of 60 mM
and 200 mM and the resin also indicated bound prot& control sample of
Rosetta(DE3)pLysS cells transformed with pBADHiséctor was included in this
experiment and treated the same way. A weak sigaalalso present at almost the
same position of 25 KDa. Thus the detected sigmalldc be a cross-reacting

histidine-rich protein fronk. coli origin.

From the above results, it was clear that inductibAQP 4886_gp expression leads
to death ofE. coli as evidenced by the changes inggk The integral membrane

proteins have been reported to be toxic to the eattexpression host when
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overexpressed (Liaet al.,2008). Some are highly toxic even at low conceiutnan
the cells, thus tightly regulated systems that mineés basal expression levels before
induction are required. The growth of cells imprdwehen pBADHisA vector was
used for AQP 4886 _gp protein expression study. Hewede. coli may not be the
best expression host for eukaryotic membrane pretg@lungeet al., 2008). This is
because posttranslational modifications (e.g. glytagion and phosphorylation) of
recombinant eukaryotic membrane proteins are uglike occur in prokaryotic
expression hosts, which sometimes may hamper isyaltdrgeting, and functional

folding of these proteins (Jungéal.,2008).
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CHAPTER FOUR

4.0 DISCUSSION

The tsetse saliva is the fluid vehicle for matunatiand transfer of the infective
metacyclic trypanosomes to the mammalian host duitie blood-feeding process
(Vickerman, 1985). Water movement across cell mamds occurs via AQPs. In the
brown dog tick Rhipicephalus sanguineusn AQP (name&sAQP1), was identified

to be involved in movement of water through thd oedmbranes of salivary glands

thus important in tick osmoregulation (Andretval.,2009).

In the present study, an AQP (named AQP 4886_gpy f6. pallidipessalivary
glands cDNA was identified and cloned using primeased on &. m. morsitans
putative aquaporin, GMsg4886 (http://www.genedldgegedb/glossina/index.jsp).
AQP 4886_gp has all the major hallmarks of aquapgene family. Amino acid
sequence analysis of AQP 4886 _gp reveals resichagshtive been identified, in
classical AQPs, to be involved in rapid water-sibectransport (Suet al., 2001).
AQP 4886_gp showed high homology to insect AQPsh saxD. melanogaster
DRIP (70.0% identity)Aedes aegyptquaporin (59.2%), andicadella viridisAQP
(53.3%). These three insect AQPs belong to thefamlily of pure water channels.
This information predicts AQP 4886 gp to be a wafmcific protein channel,
although water and solute permeability assays neete performed to confirm the
prediction. This can be achieved through expressiodies of AQP 4886 _gp protein
in Xenopus laevusocytes or proteoliposomes followed by physiolatiassays

involving incubation of the recombinant oocytes 8olutions of different
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physiological strengths (isotonic, hypotonic andoérgonic medium) to monitor

water movement across the cell membrane.

The AQP 4886 _gp gene was localized in differemsuigs of the tsetse flyG.
pallidipes Semi-quantitative RT-PCR results indicated thespnce of AQP
4886 _gp transcript in the malpighian tubules, midgnd the testes of tsetse fly
(Figure 7a). Aquaporins associated with malpightabules have been found to
mediate the flux of water into the tubule lumeridom the primary urine (Kaufmann
et al.,2005). In ticks, water is absorbed from the blooehl across the gut wall and
expelled into the host via the salivary glands €aand Hair, 1972). ThRSAQP1
from brown dog tickRhipicephalus sanguineusas localized in the salivary glands,
malpighian tubules and gut where it is believetheéanvolved in mass movement of
water, hence concentrating the blood meal (Andgeal.,2009). Expression of AQP
4886 _gp transcript in tissues of tsetse fly e.glpighian tissues that have been
reported to be involved in high rates of water f{urak, 1999) supports its potential
role in mediating transmembrane water movements tmay play a role in
eliminating excess water (plasma) in their dietwill be of interest to determine
whether there are specific regions of the gut sssbaated diverticuli with higher
levels of AQP 4886_gp that could indicate particutgions of the alimentary tract
associated with water uptake. Shakesity al (2009) localized an aquaporin,
ApAQP1, to the apposed stomach and distal intesbheadult pea aphids,
Acyrthosiphon pisunwhich was found to play an important role in watgcling in
the aphid (a phloem-feeder) gut contributing to thkition of the concentrated

ingesta in the stomach.
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The developmental stage expression of AQP 4886_gplAtranscripts was also
studied. Semi-quantitative RT-PCR analysis of $itages ofG. pallidipesrevealed
that AQP 4886_gp mRNA was present in whole body dgenates of larva, pupae,
unfed teneral fly, and adult fly. The results iratee a higher relative presence of
AQP 4886 _gp mRNA in teneral stage as compared dolatval stage. The AQP
4886 _gp may also be present in the egg stage tset$ly, although this was not
investigated here. The expression of AQP 4886 gpmany stages during
development suggests that this protein plays imaportroles throughout the

organism’s life cycle.

In this study, dsRNAknockdown of AQP 4886_gp was carried out in teherale
tsetse flies,G. pallidipes The gene knockdown effect was validated by semi-
guantitative RT-PCR. On day 10 post-injection oRN#&, AQP 4886 _gp transcript
was undetected in the test samples as compareshtoots (injected with nuclease-
free water). The absence of salivary glands AQP648f transcripts was also
realized on day 8 post-injection in the dsRNA-inget samples. This indicated

transient AQP 4886_gp gene-knockdown.

The dsRNA-injected group had reduced trends ofifgedhen provided with rabbit
blood for up to 4 days after injections (and twyslaost-injection for the injected
controls). However, improved feeding success watedafter four days post-
injection. The mortality rates in the injected gpsualso decreased with time.
Relatively high mortality rates observed in thetfiiew days after injection could be
attributed to stresses associated with handlingigedtion. Therefore, knock-down

of AQP 4886 _gp gene was by no means lethal tolibe fThis may be due to the
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transient nature of the knock-down. Secondly, sahgould be due to compensatory
expression of other AQPs in the tsetse fly gut saltvary glands. It is also possible
that the AQP 4886_gp protein has a long half-lif@t tenables it to persist during the
entire knockdown period, thus providing the funetaf the protein in the absence of
protein synthesis. A similar study was done in @gdid in which dsRNA
knockdown of an AQP, ApAQPL1, in pea aphid did nfiea mortality or body

weight gain (Shakesltst al.,2009).

Determining protein expression profile of AQP 4886 gene is paramount to
making valid conclusions. However, this hydrophofriembrane protein was toxic
when overexpressed B coli. Therefore, it is important to induce the expressn
another expression system such as yeast or insdictires. These eukaryotic
expression systems have post-translational moddic@apacities, lacking ig. coli,
such as phosphorylation which was predicted to attAQP 4886 gp (NetPhos
2.0). Thirteen codons that are rareEincoli are also present in AQP 4886_gp, which
could inhibit protein expression in bacteria (wwystbio.com; batch codon usage

tool).

4.1 Conclusion

AQP 4886_gp mRNA transcript was present in mostdifcle stages of tsetse f{g,
pallidipes as well as tissues involved in mass water movérmassociated with
concentrating the blood meal. This may point to iitgoortance in tsetse fly
osmoregulation. Maintenance of fluid homeostagisughout the life cycle of these
insects presents multiple targets for insect pdfuiacontrol. Thus aquaporins could

be targeted for control efforts, for example, bgdarction of recombinant vaccines
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(immunological approach) or through the study ofteptial water-transport
inhibitors where eco-friendly insecticides coulddsveloped.

The dsSRNA-knock down of AQP 4886_gp in male tsetse fl@s,pallidipes led to
reduction in feeding trends. The transient knockvmovas validated by semi-
guantitative RT-PCR. However, in this study, AQRB@8gp protein levels were not
measured before and after injection of dsRNA, buoiy dhe mRNA. The AQP
4886_gp heterologous protein proved to be toxicnwxepressed in bacteria. Thus,
future possibilities to improve this study wouldcclimde Western blots using AQP
4886 _gp-specific antibodies.

Despite the reduction in feeding trends for the Ni&Rnjected flies, the tsetse flies
did survive and feed. Therefore, transient deletdbrAQP 4886_gp mRNA seems
not critical to the survival of the tsetse fly. $hstudy on AQP 4886 _gp gene
silencing highlights the utility of dsSRNAo assess the viability of candidate drug

targets.
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4.2 Recommendations

1. It is important to confirm the transport functioh putative AQP 4886_gp and
other AQPs in tsetse fly through expressionXienopus laevusocytes and
performing studies such as sensitivity ta’Hg

2. The Glossinaspecies are known to occupy different niches. Q@smdatory
mechanisms must therefore be different in the devemvironmental conditions
of their respective life histories. It is therefomdnceivable that specific
adaptation have occurred in their AQPs. A studgdmpare AQPs in different
tsetse fly species occupying different ecologigelhes is called for.

3. Although feeding success has been studied in tasept study, the volume of
blood ingested by a fly in each group (dsRNA-ingetnuclease-free water
injected and uninjected controls) was not perforrfied by haemoglobin assay).

This bioassay is important to study other effe€tgame knockdown.
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Appendix 1: Sequence results after cloning AQP 488@p gene into

APPENDICES

various vectors

CLUSTAL 2.0.12 multiple sequence alignment

GVg4886 ATGCTATTTGCTGAGCT TGCGGGGACATTCTTACTGGTTATCATTGGTATAGGCAGI TGC 60
AQP 4886_gp ATGCTATTTGCTGAGCT TGCGGGAACATTCTTACTGGTTATCATTGGTATAGGCAGITGC 60
IR R R R RS SRR EE SRR RS EEE N EEEEEEE RS SRR EEEEEEEEEEESEEREEEEEEEEESE]
GVg4886 ACGAGT GGT GCGGACT GGT CCCOCAGCGT GCCTCAAATAGCATTCACATTTGGTTTAACT 120
AQP 4886_gp ACGAGT GGT GCGGACT GGT COCCCAGCGT GCCTCAAATAGCATTCACATTTGGT TTAACT 120
IR R R R RS SRR EE SRR EE SRR EEEEEEEEEEE RS SRR EEEEEREEREEEREEEEEEEEESES
G\vsg4886 GT GGCAACGCTTGCACAGACGGTCGGT CATATAAGT GGATGTCACATAAATCCTGCTGI T 180
AQP 4886_gp GTGGCAACGCTTGCACAGACTATTGGT CATATAAGTGGATGT CACATAAATCCTCGCTGIT 180
kkhkkhkkkkhkhkhkhkhkhkhkkkhkkkk*k LR R R SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEESE]
G\vbg4886 ACAGTCGGT TTCTTGATAGTAGGAGAGATGACTTTACTAAAAGCTATTTTTTACATAATA 240
AQP 4886_gp ACAGTCGGT TTCTTGATAGTAGGAGAGATGACTTTATTAAAAGCTATTTTTTACATAATA 240
khkhkhkhkhkhhhkhkhkhhhhhkhdhhhhhhhhhhhdhhhhddd ddhdhkrdrdddhkrdddrrhhdhhrd
G\vsg4886 GCACAGT GCGTCGGAGCAAT GGCTGGATCGECGGT TTTGAGT CTAGCTATCCCTGACACA 300
AQP 4886_gp GTACAGT GCGTCGGAGCAAT GGCTGGATCGECGGT TTTGAGT CTAGCTATCCCTGACACA 300
R R R RS EEEEEEEEREEEEEEEREEEEEEEEESEEEEEERERESREEEESEEEEEEEEEERES]
G\Vvsg4886 CTTGGCAGTAATGGCCTGGEGEOGTCTCTAACTTTTCCTCGCTCAGT GCTGGACAGGCAGT G 360
AQP 4886_gp CTTGGCGGTAATGGECT TGEGEOGTGTCTAACT TTTCCTCGCTCAGT GCOGGACAAGCCEGT G 360
khkkhhkkk Fhkhkhkhkhhkkx hhkhkhkhkhkhk Fhkhhdkhhdhdhddhrrddhkrrdddx *hdhkx *% **x*
G\Vvsg4886 TCAATTGAAGCCTTCATTACAGCTATCT TAGT GCTGGTAGTGAAAGCAGT GTCAGATTCA 420
AQP 4886_gp TCAATTGAAGCCTTCATTACAGCTATCT TAGT GCTGGTAGTGAAAGCAGT GTCAGATTCA 420
EEEREEEREEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEESEEERERERESEEEEESES
GVg4886 AAACGGCAAGATATAACGGEGAT CAGCCCCAT TGECCGTAGGECTGECTATCGCTACGEGT 480
AQP 4886_gp AAACGACAAGAT AT AACGGEGAT CAGCCCCAT TGECCGTAGGCCTGECTATCGCTACGEGT 480
EE R R RIS S R R R R R RS R RS R R RS EEEEEEEEEEEEEEEEEEEEEERSE]
G\Vvsg4886 CATCTTTGI GCGAT TAAAT TAACT GGAGCCAGCAT GAACCCAGCACGCTCATTCGGTCCA 540
AQP 4886_gp CATCTTTGI GCGAT TAAAT TAACT GGAGCCAGCAT GAACCCT GCGCGCTCATTCGGACCG 540
EEE SRR E R SRR RS S EEEESEEEEEEREEEEEEEEEEEEEEE IS I EEEEEEEE S RIS
GVg4886 GCOGTAGT TCACGACGT TTGGGAAAATCATTGGEGTTTATTGGATTGGTCCCCTTGT TGEC 600
AQP 4886_gp GCOGTAGT TCACGATGT TTGGCAAAATCATTGGGTTTATTGGATTGGTCCCCTTGTITGEC 600
EE R R R R RS SRR EE S EEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEESEEREEEEEEERSES
GVg4886 AGCGTGGTAGCTGCCGT TATTTATAAATTAATCTTCAAGCAATCTAAAGAAGATGATGAC 660
AQP 4886_gp AGTGTGGTAGCTGCCGT TATTTATAAATTAATCTTCAAGCAATCTAAAGAAGATGATGAC 660
R R R E SRR EEEEEEEREEEEEREEREREESEEEEEEEEEEREEEEEEEEEEEEEESEEEERS]
G\Vvsg4886 ACGAACTCCTACGATTTTTAA 681
AQP 4886_gp ACGAACTCCTACGATTTTTAA 681

Khkhkkkhhhhhhhhhhhkhkkkkk

Figure: Sequence alignment of putative AQP homologues fiwm different species of tsetse fly.
Both GMsg 4886 (fronfs. morsitans morsitajsand AQP 4886_giG. pallidipeg were amplified

from salivary gland cDNA. Primers used for amphfion of AQP 4886_gmwere designed from (the
above) GMsg 4886 gene sequence retrieved feemdB, because the same gene sequence was not
available forG. pallidipes The bases highlighted in red are different irhbmdmologues, indicating
mutations. The identical residues indicated byaff)l conserved residues shown by (:).
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>AQP 4886_gp (in pGEM-T Easy vector)

ATGCTATTTGCTGAGCTTGCG GGGACATTCTTACTGGTTATCATTGGTATAGGCAGTTGCACGAGTGGTGCGA
CTGGTCCCCCAGCGTGCCTCAAATAGCATTCACATTTGGTTTAACTGTGGRACGCTTGCACAGACGGTCGGTCA
TATAAGTGGATGTCACATAAATCCTGCTGTTACAGTCGGTTTCTTGATAG AGGAGAGATGACTTTACTAAAAGC
TATTTTTTACATAATAGCACAGTGCGTCGGAGCAATGGCTGGATCGGCGGTTTGAGTCTAGCTATCCCTGACAC
ACTTGGCAGTAATGGCCTGGGCGTCTCTAACTTTTCCTCGCTCAGTGCTRE®AGGCAGTGTCAATTGAAGCCTTC
ATTACAGCTATCTTAGTGCTGGTAGTGAAAGCAGTGTCAGATTCAAAACGGCAAGATATAACGGGATCAGCCCC
ATTGGCCGTAGGGCTGGCTATCGCTACGGGTCATCTTTGTGCGATTAAATAACTGGAGCCAGCATGAACCCAGC
ACGCTCATTCGGTCCAGCCGTAGTTCACGACGTTTGGGAAAATCATTGGGITATTGGATTGGTCCCCTTGTTGGC
AGCGTGGTAGCTGCCGTTATTTATAAATTAATCTTCAAGCAATCTAAAGAAGATGATGACACGAACTCCTACGA
TTTTTAA

NB: The primer sequences are in bold and underlined.

>AQP 4886 gp (in pLL10 RNA plasmid)

ACGGGCCCAGTTGATTGTATACGACTCACTATAGGGCGAATTGGGTACCGGCCCCCCCTCGAGGTCGACGGTAT
CGATAAGCTTCATATGGAATTCACTAGTGATTGGATCCATGCTATTTGCTGAGCTTGCG GGAACATTCTTACTG
GTTATCATTGGTATAGGCAGTTGCACGAGTGGTGCGGACTGGTCCCCCAGETGCCTCAAATAGCATTCACATTT
GGTTTAACTGTGGCAACGCTTGCACAGACTATTGGTCATATAAGTGGATGTCACATAAATCCTGCTGTTACAGTC
GGTTTCTTGATAGTAGGAGAGATGACCTTATTAAAAGCTATTTTTTACATAATAGTACAGTGCGTCGGAGCAATG
GCTGGATCGGCGGTTTTGAGTCTAGCTATCCCTGACACACTTGGTGGTAAIGCTTGGGCGTGTCTAACTTTTCCT
CGCTCAGTGCCGGACAAGCGGTGTCAATTGAAGCCTTCATTACAGCTATCTAGTGCTGGTAGTGAAAGCAGTGT
CAGATTCAAAACGACAAGATATAACGGGATCAGCCCCATTGGCCGTAGGCUOGGCTATCGCTACGGGTCATCTTT
GTGCGATTAAATTAACTGGAGCCAGCATGAACCCTGCGCGCTCATTCGGACGGCCGTAGTTCACGATGTTTGGC
AAAATCATTGGGTTTATTGGATTGGTCCCCTTGTTGGCAGTGTGGTAGCTGCGTTATTTATAAATTAATCTTCAA
GCAATCTAAAGAA GATGATGACACGAACTCCTACGATTTTTAA TTCGAAAATCGAATTCCTGCAGCCCGGGGG
ATCCACTAGTTCTAGAGCGGCCGCCACCGCGGGCCCTATAGTGAGTCGTARGAGCTCCAGCTTTTGTTCCCTTT
AGTGAGGGTTAATTTCGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTEGGTGAAATTTGTTATCCGCTCACAA
TTCCACACAACATACGAGCCGGAGCATAAAGTGTAAAGCCTGGGTGCTATAGTGAGCTAACTCACATTTATTGC
GTGCGCTCACTGCCGCTTCAGTAGAAACTGTCTGCAGCTGCATTAATGAATGCCAACGCGCGGGAAGGCGTGCT
ATTGGGCTCTTCCGGC

NB: The primer sequences are in bold and underlined.

>AQP 4886 _gp (in pPRSET-A expression vector)

IHMRGSHHHHHH GMASMTGGQQMGRDLYDDDDKDRWGSMLFAELAGTFLLVIIGIGSCTSGADNSPSVPQIAFTFG
LTVATLAQTIGHISGCHINPAVTVGFLIVGEMTLLKAIFYIIVQCVGAMAG SAVLSLAIPDTLGGNGLGVSNFSSLSAGQ
AVSIEAFITAILVLVVKAVSDSKRQDITSAPLAVGLAIATGHLCAIKLTGA SMNPARSFGPAVVHDVWQNHWVYWIGP
LVGSVVAAVIYKLIFKQSKEDXDTNSYDFFEASGCQSPKGSXGCCHRXITSTPWGLTGLX

NB: The underlined shows the 6x His tag for detectibthe expressed protein.
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The pLL10 vector map.

>AQP 4886_gp, full length (in pBADHIiSA expression ector)

CCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTTTTTGGCTAACAGGAGGAATTAACCATGG
GGGGTTCTCATCATCATCATCATCATGGTATGGCTAGCATGACTGGTGGACAGCAAATGGGTCGGGATCTGTACG
ACGATGACGATAAGGATCGATGGGGATCCGAGCTCGAGATCTGCAGCTGGACCATATGGGAATTCGTACCAT
GCTATTTGCTGAGCTTGCG GGAACATTCTTACTGGTTATCATTGGTATAGGCAGTTGCACGAGTGGTGCGACT
GGTCCCCCAGCGTGCCTCAAATAGCATTCACATTTGGTTTAACTGTGGCABGCTTGCACAGACTATTGGTCATAT
AAGTGGATGTCACATAAATCCTGCTGTTACAGTCGGTTTCTTGATAGTAGRAGAGATGACCTTATTAAAAGCTAT
TTTTTACATAATAGTACAGTGCGTCGGAGCAATGGCTGGATCGGCGGTTTEBAGTCTAGCTATCCCTGACACACTT
GGTGGTAATGGCTTGGGCGTGTCTAACTTTTCCTCGCTCAGTGCCGGACAHCGGTGTCAATTGAAGCCTTCATT
ACAGCTATCTTAGTGCTGGTAGTGAAAGCAGTGTCAGATTCAAAACGACAAGATATAACGGGATCAGCCCCATT
GGCCGTAGGCCTGGCTATCGCTACGGGTCATCTTTGTGCGATTAAATTAATGGAGCCAGCATGAACCCTGCGCG
CTCATTCGGACCGGCCGTAGTTCACGATGTTTGGCAAAATCATTGGGTTTATGGATTGGTCCCCTTGTTGGCAGT
GTGGTAGCTGCCGTTATTTATAAATTAATCTTCAAGCAATCTAAAGAAGAT GATGACACGAACTCCTACGATTT
TTAAAAGCTT GGCTGTTTTGGCGGATGAGAGAAGATTTTCAGCCTGATACAGATTAAAT

NB: The 6X His (6XCAT) tag is italicized in the abmequenceThe primer
sequences are in bold and underlined.

90



>AQP 4886 _gp, truncated sequence (in pBADHisA expssion vector)

GCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTTTTTGGGCTABAGGAGGAATTAACCATGGGGGGTT
CTCATCATCATCATCATCATGGTATGGCTAGCATGACTGGTGGACAGCAAATGGGTCGGGATCTGTACGAGATG
ACGATAAGGATCGATGGGGATCCGAGCTCGAGATCTGCAGCTGGTACCATAGGGAATTCGTACCATGGCGGT
TTTGAGTCTAGCT ATCCCTGACACACTTGGTGGTAATGGCTTGGGCGTGTCTAACTTTTCCTAGICAGTGCCGG
ACAAGCGGTGTCAATTGAAGCCTTCATTACAGCTATCTTAGTGCTGGTAGTGAAAGCAGTGTCAGATTCAAAACG
ACAAGATATAACGGGATCAGCCCCATTGGCCGTAGGCCTGGCTATCGCTAGGGTCATCTTTGTGCGATTAAATT
AACTGGAGCCAGCATGAACCCTGCGCGCTCATTCGGACCGGCCGTAGTT@GATGTTTGGCAAAATCATTGGGT
TTATTGGATTGGTCCCCTTGTTGGCAGTGTGGTAGCTGCCGTTATTTATAATTAATCTTCAAGCAATCTAAAGAA
GATGATGACACGAACTCCTACGATTTTTAAAAGCTT GGCTGTTTTGGCGGATGAGAGAAGATTTTCAGCCTGAT
ACAGATTAAATCAGAACGCAGAAGCGGTCTGATAAAACAGAATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCAC
CTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCGATGGTAGTBEGGGTCTCCCCATGCGAGAGTA
GGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGETTTCGTTTTATCTG

NB: The 6XHis (6xCAT) tag is italicized in the abowquence.The primer
sequences are in bold and underlined.

Appendix 2: Common laboratory reagents

Insect saline for dissection

NaCl (9.1 g/L), KCI (0.52 g/L), CagRH,0O (1.2 g/L), and MgGI6H,0 (8 g/L)

T.E. buffer

10 mM Tris-HCI pH 8.0, 0.25 mM EDTA.

1X T.A.E. electrophoresis buffer
Prepare 50X using: 242 g Tris base, 57.1 mL glawetic acid, and 100 mL of 0.5

M EDTA (pH 8.0). Then dilute to 1X T.A.E. workingkition with distilled water

1X T.B.E. electrophoresis buffer
Tris base (108 g), boric acid (55 g), 0.5 M EDTA (8L). Add distilled water to 1.0

L to make 10X T.B.E.
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Appendix 3: Reagents preparation for Laemmli SDS-P&E

Stock reagent preparation;

Acrylamide/Bis (30%)

Weigh 146.0 g of acrylamide and 4.0 g of N'N’-bigimdene-acrylamide. Add
distilled water to 500 mL, filter and store at 4 iCthe dark. Maximum shelf life

under these conditions is 30 days.

1.5 M Tris-HCI, pH 8.8
Weigh 54.45 g of Tris base and add 150 mL of distilvater. Adjust pH to 8.8 with

1 N HCI. Top up to 300 mL with distilled water astbre at 4 °C.

0.5 M Tris-HCI, pH 6.8
Take 6 g of Tris base and add 60 mL of distilledexaAdjust pH to 6.8 with 1 N

HCI. Top up to 100 mL with distilled water and st 4 °C.

10% (w/v) SDS

Dissolve 10 g of SDS in 100 mL of distilled watedastir gently to dissolve.

10% (w/v) Ammonium persulfate
Dissolve 100 mg of ammonium persulfate in 1 mL istitled water. APS (10%) has

to be prepared afresh every time when polyacrylargels are casted.

Sample buffer
Add the following to a clean falcon tube; 4 mL distd water, 1 mL of 0.5 M Tris-

HCI (pH 6.8), 0.8 mL of glycerol, 1.6 mL of 10% SP®.4 mL of B-
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mercaptoethanol, and 0.2 mL of 0.05% (w/v) bromoyphélue (in water). Dilute

the sample at least 1:4 with sample buffer anddtd¥i5 °C for 4 min.

5X Electrode (running) buffer (25 mM Tris, 192 mM dycine and 1% SDS, pH
8.3)

Add 45 g Tris base, 216 g Glycine, and 15 g SD@®ttuey and add 3 L of distilled
water. Store at 4 °C. Warm the buffer to 37 °C befase if precipitation occurs.

Dilute 300 mL of 5X stock with 1.2 L of distilledater for one electrophoretic run.

Destain for Coomassie (20% methanol and 10% glaciacetic acid
To make 1 L, add 100 mL of glacial acetic acid @ 7L of deionized distilled
water (ddHO) followed by 200 mL of methanol and mix. Store thestain solution

at room temperature in a sealable container.

1X transfer buffer (For Western blot procedure)

To make a litre; dissolve 3 g of Tris-base and bf glycine in 1000 mL of ddD.

10X Phosphate buffered saline (PBS)

Dissolve the following reagents in 800 mL ultrapurater; 80 g NaCl, 2 g KCl, 14.4
g NaHPQ,, 2.4 g KHPQ,. Adjust pH of PBS Buffer Solution to 7.4 with H&hd
then bring the volume to 1 liter with distilled wat Autoclave or sterilize by

filtration.
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