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General　introduction

　　　　　　Ticks　are　obligate　hematophagous　ectoparasites　and　are　only　second　to　mosquitoes

as　vectors　of　various　pathogens　that　cause　deadly　diseases　of　human　and　animals（38，72，

81）．　The　ixodid　ticks（Arthropoda：Ixodidae），　popularly㎞own　as　hard　ticks，

H∂ε〃ηρ勿5011510〃glcoπ廊，　serve　as　a　unique　vector　of　various　pathogens　that　cause　Lyme

disease，　tick－bome　encephalitis，　Rocky　Mountain　spotted飴ver，　babesiosis，　theileriosis，　and

anaplasmosis，　during　hematophagy（22，38）．

　　　　　　Most　bacterial　and　viral　diseases　can　be　success釦lly　controlled　by　vaccination　and

quarantine　procedures．　For　the　tick－bome　diseases，　a　variety　of　methods，　including　the

application　of　chemical　acaricides　have　been　employed　to　suppress　tick　vector　population

and　tick－bome　diseases．　However，　the　development　of　resistance　and　environmental

contamination　by　acaricides　emphasizes　the　need　to　develop　altematives　fbr　tick　vector　and

tick－bome　diseases　control．　An　anti－tick　vaccine　is　considered　to　be　one　of　the　most

promising　methods；however，　its　development　still　depends　on　the　identification，

characterization　and　cloning　of　key　tick　molecules　and　the　fhnctional　analysis　of　their　roles

in　arthropod　physiology（57）．
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　　　　　　Scavenger　receptors（SRs）are　multiligand－binding　proteins　expressed　on　the　surface

membrane　of　a　variety　of　cells，　including　macrophages，　platelets，　mature　monocytes　and

endothelial　cells（43）．　Although　not　necessarily　related　stmcturally，　the　members　ofthe　SR

魚mily　share　a　strong　af且nity　fbr　a　broad　range　of　speci且c　ligands　such　as　fねtty　acids，

polyanions，　phospholipids，　and　modified　low－density　lipoproteins（LDL）（43）．　The　SRs

known　as‘‘pattem　recognition　receptors”identify　the　conserved　structure　of　the　pathogen

ligands　and　mediate　the　binding　and　uptake　of　microorganism　antigens（25）．　Three　major

classes　of　macrophage　SRs，　designated　type　A（SR－AI，　SR－AII，　and　SR－AIII），　type　B（SR－

BI，　SR－BII　and　SR－BIII），　and　type　C　SRs　were　also　identified　fbom　Dro5gρ痂1α（69）．　In

addition，　two　other　macrophage　receptors，　MARCO（a　macrophage　receptor　with　a

collagenous　stnlcture）and　CD68（macrosialin），　may　also　contribute　to　the　uptake　of

modified　lipoproteins（17，76）．　The　SR　class　A，　expressed　on　macrophages　are　involved　in

irmate　immunity　by　facilitating　phagocytic　activity　especially　the　uptake　and　killing　of

bacteria（26）．　Other　SRs　belonging　to　class　B　are㎞own　to　bind　and　intemalize　senescent

neutrophils　（44，79）　and　to　be　involved　in　cell　adhesion，　aggregation　（91）　and　signal

transduction（63，33）．

　　　　　　The　class　B　scavenger　receptor　CD36（SRB）is　involved　in　the　first　line　of　body

defbnse　and　plays　a　pivotal　role　in　imate　immunity（32，19），　clearance　of　apoptotic　cells，

lipid　transpo丘ation（62，64，18，56，54），　macrophage恥am　cell飾㎜ation，　and　the

development　of　atherosclerosis（67），　and　regulation　of　angiogenesis（19，80）。

　　　　　　RNA　interfbrence（RNAi）has　been　proposed　to　have　application　possibilities　fbr　the

autocidal　control　of　tick　populations（13）and　the　characterization　of　tick－bome　pathogens
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（12，61）．Double－stranded　RNA（dsRNA）－mediated　gene　silencing，　commonly　refbrred　to

as　RNAi，　has　been　gxtensively　used　fbr　the　analysis　of　gene　fUnctions　in　ticks（14）．　Long

dsRNAs　have　been　successfUlly　and　regularly　applied　in伽e吻傷ρ1老γ501’510ηgたorη’5（55）

and　other　tick　species（e．g．，．4吻わかo吻溺o，1元o∂63，　R乃ψ’αψ加1〃3，　and　D8朋ocθ扉oアspp．）fbr

targeted　gene　knockdown　in　various　stages　of　tick　lifb，　with　evidence　of　systemic　RNAi

spread　into　subsequent　stages（14，61）．　Four　diffbrent　methods　have　been　used　to　deliver

ds脳A　fbr　RNAi　in　ticks　to　date：irU°ection，　soaking，　fbeding，　and　vims　production　of

dsRNA（14）．　We　have　co面㎜ed　that㎜Ai　can　be　a　power血l　tool飴r　gene　silencing　of

the　hard　tick，　H　loηg∫co川∫5，　by　the　i切ection（6－8，49，55）and　soaking　methods（24）．

　　　　　Direct　irU’ection　of　the　dsRNA　into　target　tissues　or　developmental　stages　is　the　most

common　method　of　delivering　dsRNA　to　arthropods，　such　as　insects　and　ticks（14，74）．

1功ection　of　the　exogenous　dsRNAs　into　the　insect’s　hemocoel　can　provide　transient

㎞ockdown　of　the　target　endogenous　genes，　since　the　dsRNA　in　the　hemolymph　can

circulate　systemically　through　the　open　circulatory　system，　in　which　dsRNA　is　taken　up　by

acell丘om　the　environment（89）．　It　is㎞own　that　there　are　at　least　two　pathways飴r

exogenous　ds剛A　uptake　in　insects（34）．　One　is　based　on　the　transmembrane　SID－1

chamel　protein，　as　well㎞own食om　the　Coεηo吻励’15θ1θgα〃5　nematode．　The　second

possible　mechanism　is　based　on　the　endocytosis－mediated　pathway　because　it　shares　several

components　of　its　machinery　with　the　dsRNA　uptake　mechanism．　Herein，　vacuolar

H＋ATPase　is　considered　to　play　an　important　role（87）．　However，　the　participation　of　SRs

already㎞own　to　play　a　key　role　in　microbe　phagocytosis　as“pa杭em　recognition　receptors”

（75）is　not　well－established　in　dsRNA　uptake．
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　　　　　　SRs　are㎞own　to　potentially　act　as　receptors飼r　ds㎜A　molecules　in　an

endocytosis－mediated　uptake　mechanism　in　the万’わ01’〃〃2005’α刀θ〃刑beetle（86）and

D705ρ助’10吻θ1αηogα5’87　f［y（87）．　However，　the　involvement　of　SRs　in　dsRNA　uptake　and

processing　in　the　gene　silencing　of　arthropods，　including　ticks，　are　not　understood．

　　　　　　Insects　have　a　well－developed　innate　immune　system　that　allows　a　general　and　rapid

response　to　infbctious　agents．　Hemocytes　are　the　primary　mediators　of　cell－mediated

immunity　in　insects，　including　phagocytosis，　nodulation，　encapsulation　and　melanization．

Identification　of　hemocytes　is　essential　to　understand　hemocyte－mediated　immune

responses　in　invertebrates。　Interestingly，　Dπ05ρρ乃∫1αSR　macrophage／hemocytes　are

attractive　candidates　fbr　insect　immunity，　and　its　expression　and　physiological　fUnctions

have　been　reported（68）．　At　least　two　types　of　phagocytic　cells　in　ticks，　plasmatocytes　and

granulocytes，　have　been　reported（16，20，35，46，92）．　It　is　of　current　interest　to　look　at　the

molecular　scenario，　in　particular，　the　role　of　SR　in　hemocyte－mediated　phagocytosis，　inside

vector　ticks，　which　play　an　important　role　in　first－line　host　defbnse　against　invading

pathogens．

　　　　　　Phagocytosis　refbrs　to　the　recognition，　engul㎞ent，　and　intracellular　destruction　of

invading　pathogens　and　apoptotic　cells　by　individual　hemocytes（47）．　Phagocytosis　in

mammals　is　mainly　achieved　by　mononuclear　phagocytic　cells，　such　as　macrophages　and

dendritic　cells　and　polynuclear　neutrophils（83）．　In　arthropods，　such　as　insects　（50）and

ticks（35，82），　phagocytosis　is　achieved　mainly　by　the　circulating　plasmatocytes　and／or

granulocytes，　in　the　hemolymph．　Since　phagocytosis　is　a　widely　conserved　cellular　process

that　occurs　in　many　protozoa　and　all　metazoans，　it　could　be　hypothesized　that　arthropod
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phagocytosis　is　also　similar　to　mammalian　phagocytosis（48，50，65）．　However，　the

molecular　mechanisms　of　hemocyte－mediated　phagocytosis　in　arthropods　have　not　been

intensively　investigated（65）．

　　　　　　Recent　findings　provide　evidence　fbr　the　essential　role　of　SRB　as　a　pattem－

recognition　receptor　mediating　innate　immune　responses　of　the　mammalian（83）and　insect

hosts（50）to　a　range　of　exogenous　pathogens．　Other　findings　by　Baranova　et　al．（6）

indicated　that　human　SRB　serves　as　a　phagocytic　receptor　fbr　a　variety　of　bacteria　and

mediates　pathogen－induced∫NK－mediated　signaling（c－Jun　NH2－Te㎜inal　kinase－mediated

signaling）．　However，　the　role　of　arthropod　SRB　documented　in　the　hemocyte－mediated

phagocytosis　to　invading　pathogens　has　been　very　restricted　to　Dπ05qψ110（48，50），　and　the

precise　fUnctions　of　SRB　in　the　uptake　of　various　microbes　into　hemocytes　are　largely

unknown，　particularly　in　hematophagous　and　vector　arthropods，　su．ch　as　ticks　and

mosqUltoes．

　　　　　　In　this　study，　I　report　the　gene　identification，　isolation，　sequence　analysis，

endogenous　localization，　and　gene　and　protein　expression　pattem　in　developmental　stages

and　dif色rent　tissues　of　this　SRB　f士om　H　loηgたo纏5．　I　elucidated　the　crucial　role　ofH15Rβ

in　the㎞ockdown　induction　of　other　endogenous　genes　via　microi切ections　of　a　dif驚rent

COmbinatiOn　OfdSR］NrAS　intO　the　hemOCOel　Of　fbmale　tiCkS．　AISO，　I　demOnStrate　that　H18R8－

speci恥gene一㎞ockdowned　ixodid　ticks　completely　lost　the　phagocytic　ability　of　their

hemocytes，　in　particular，　granulocytes，　to　combat　an　exogenous　bacterial　pathogen，　Gram－

negative．E．　co1∫，　and　consequently　failed　to　ef臼ciently　clear　bacterial　burdens　in　hemolymph

and　survive　due　to　the　profbund　bacteremia．
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　　　　　　To　the　best　of　my　knowledge，　the　identification　and　fhnctional　characterization　of

the　first　SRB　molecule　ffom　the　hard　ixodid　tick，　Hdε〃ηρ勿5α1’510ηg／cor〃∫5，　will　provide　a

comprehensive　contribution　to　studies　linked　with　the　development　of　control　measures　fbr

ticks　and　tick－bome　diseases．
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Chapter　l：

1dentification紐nd　characterization　of　chss　B　scavenger　receptor　CI）36

　　　　　　　　　　　　from　the　hard　tick，、πα8溜4ρ勿∫α1’∫10ηg’co7η’∫

1． Introduction

　　　　　　The　class　B　scavenger　receptor　CD36（SRB）is　a　membrane　glycoprotein　present　on

platelets，　mononuclear　phagocytes，　adipocytes，　myocytes，　some　epithelia，　and　insect

hemocytes（49，61）．　The　SRB　has　been　identified　in　most　orders　of　insects（Diptera，

Hymenoptera，　Coleoptera，　and　Lepidoptera）（31）as　well　as　nematodes，　sponges，　and　slime

mold（59）．　Many　insect　species　have　an　SRB　ortholog，　the　sensory　neuron　membrane

protein（SNMP），　on　dendrites　of　the　specialized　neural　cells　in　antemae　involved　in

pheromone　detection（2，61）．　On　sensory　cells，　SRB　is　involved　in　insect　pheromone

signaling　and　rodent　fatty　fbod　prefbrence．　On　a　microvascular　endothelial　cell，　SRB　is　a

receptor　fbr　thrombospondin－1　and　related　proteins　and　fUnctions　as　a　negative　regulator　of

angiogenesis（81）．　The　SRB－mediated　signaling　pathways　are　conserved，　defined　by　certain
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common　themes，　and　involved　in　many　critical　cellular　processes，　but　they　are　still

relatively　poorly　understood．　However，　the　identification　and　characterization　of　the　SRB

倉om　blood－sucking　ticks　remain　to　be　finalized．

　　　　　　Here，　I　describe　the　gene　identification，　isolation，　sequence　analysis，　endogenous

localization，　and　gene　and　protein　expression　pattern　in　developmental　stages　and　diffbrent

tissues　of　the　SRB　f卜om　the　hard　tick，　Hθ例4ρ勿501’510ηgたorη∫＆

2． M劉terials　and　methods

2．1． ηcん3

　　　　　Parthenogenetic（Okayama　strain）ticks　of　H．10〃g’co用∫5　have　been　maintained　by

艶eding　on　ears　of　Japanese　white　rabbits（Kyudo，　Kumamoto，　Japan）fbr　several

generations　at　the　Laboratory　of　Emerging　Infbctious　Disease，　Department　of　Frontier

Veterinary　Medicine，　Faculty　of　Agriculture，　Kagoshima　University，　Kagoshima，　Japan（21，

22）．Briefly，　the　ears　of　the　rabbits　were　clipped　and　the　ticks　were　attached　supported　by

ear　bags　and　a　head　collar．　The　ticks　were　collected　when　engorged　or　after　the　indicated

period　of　attachment．
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2．2． 、肋吻oな

　　　　　　Rabbits　and　mice　were　cared　fbr　in　accordance　with　the　guidelines　approved　by

Animal　Care　and　Use　Committee（Approval　no．　AO8010）of　Kagoshima　University．　These

animals　were　maintained　in　a　temperature－and　humidity－regulated　room　under　controlled

lighting　with　fヒee　access　to　tap　water　and　commercial　regular　chow　throughout　the

experlments．

2．3． ん1（～刀砂～cα’∫oηoηゴc乃αアoc’eア’zo’∫oη（～プ訪｛3　cD配48ηco4’η98cαvεη9θr　rεcq9’or

　　　　　　The　fUll－length　cDNA　library　was　made　using　the　vector　capping　method　as

previously　reported（40）．　ESTs　were　constmcted　by　random　partial　sequencing　of　the　5L

te㎜inal　of　the　cDNA　clones倉om　the　cDNA　libraries，　and　the　similarities　in　the　protein

databases　were　then　examined　using　the　BLASTp　program．　The　plasmids　containing

孟175Rβgene－encoding　inserts　were　extracted　using　the　Qiagen　DNA　purification　kit（Qiagen，

Hilden，　Ge㎜any）．　The　deduced　amino　acid　translation　of　the硲R8　sequence　was

dete㎜ined　using　GENETYX，　version　7（Genetyx，　Tokyo，　Japan）．　Phylogenetic　trees　were

generated　according　to　the　alignment　of　the　SR　amino　acid　sequences　f卜om　diffbrent　sources

by　the　neighbor－joining　method，　and　the　confidence　of　the　branching　order　was　verified　by

using　the　R）urth　version　of　MEGA　so丘ware（6）．　The　tree　was　viewed　and　converted　to　a

graphic鉛㎜at　with　TREEVIEW（http：／／taxonomy．zoology．gla．ac．uk／rod／treeview．html）．

Homologous　search　of　the血ll－length　sequence　of　gene　was　per飴㎜ed　using　the　BLAST

program．　The　domain　structure　was　dete㎜ined　using　SMART（http：／／smart．embl一
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heidelberg．de）　and　Prosite　server　（http：／／au．expasy．org／prosite）．

（isoelectric　point）and　Mw（molecular　weight）were　dete㎜ined

（http：／／lcr．expasy．org／tools／pi－tool．html）．

The　theoretical　pI

by　Compute　pI／Mw

2．4． R1＞∠13010’10〃α〃み8vε’肥〃o〃8c吻∫038「ρo加287α36　c加ノηrθαc’10η0？7LPCR）

　　　　　　To　investigate　the　expression　patterns　of　the召78Rβgene，　total　RNA　was　extracted

倉om　diffbrent　stages　of　ticks（eggs，　larvae，　nymphs，　and　adult　fbmales）and　fピom　tissues　of

4－day－fbd　adult　ticks，　including　midguts，　salivary　glands，　ovaries，　hemocytes　and　fat　bodies．

Ticks　were　h・甲・genized　using　a　m・・t・・and　pestl・in　TRIz・1・eag・nt（lnvit・・9・n・Ca・lsbad・

CA，　USA）．　Tissues　were　collected　fピom　partially　fbd　ticks　by　dissection．　Hemolymphs

were　collected　fヒom　the　coxal－trochanteral　tick　joints　and　drawn　into　capillary　tubes（20，35）

containing　l　OOμl　of　PBS，　on　ice．　Hemocytes　were　obtained　using　a　centrifUge　at　l　OO×g　fbr

5min　at　4°C．　Prior　to　addition　of　the　TRIzol　reagent，　each　organ　was　rinsed　briefly　in

phosphate－buffbred　saline（PBS）．　RNA　was　extracted　f卜om　ticks　and　organs　using　the

TRIzol　reagent　according　to　the　manufacturer’s　protocol　and　stored　at－80°C　until　use．

Single－strand　cDNA　was　generated　by　reverse　transcription　using　the　transcriptor　first－

strand　cDNA　synthesis　kit（Roche，　Mannheim，　Ge㎜any）as　recommended　by　the

manufacturer．　PCR　was　carried　out　with　the　appropriate　dilutions　of　templates　using　SRB－

specific　　primers　　（5’　　－TGTGCCCATATACCGGAAGT－3’　　and　　51　　－

TGGTTGCAACTAGTGGGTCA－3’）．

　　　　　　Control　amplification　was　carried　out　using　the　actin－specific　primers（5’－

CCAACAGGGAGAAGATGACG－3，　and　5L　　ACAGGTCCTTACGGATGTCC－31）
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designed　ffom　H　loηgたo禰3β一αc伽gene（accession　no．　AY254898）．　A　series　of　RT－PCR

was　per鉛㎜ed　in　50μl　of　a　mixture　containing　O．5μg　of　cDNA，　a　lOx　PCR　buf飴r

containing　l　5　mM　of　MgCl2，2mM　of　dNTPs，　l　U　of　RNase　inhibitor，　and　5　U　of　AMV－

optimized　Taq　DNA　polymerase．　The　reverse　transcription　reaction　was　carried　out　at　50

° Cfbr　30　min，　and　then　PCR　was　repeated　fbr　37　cycles　under　the　fbllowing　conditions：1

min　of　denaturation　at　94°C，1min　ofprimer　annealing　at　65°C，　and　l　min　of　elongation　at

72°C；all　subsequent　amplifications　were　therefbre　carried　out　using　this　cycle　range　and

conditions．　The　PCR　products　were　su切ected　to　electrophoresis　in　a　1．5％agarose　gel　in　a

TAE　buf琵r；the　DNA　was　visualized　by　ethidium　bromide　staining　and　analyzed　using

Quantity　One　1－D　Analysis　sof㌃ware（Quantity　One　version　4．5，　Bio－Rad　Laboratories，

Milan，　Italy），　in　which　band　intensity　was　expressed　in　pixels．　Theβ一αc加gene　of　H

lo刀9たor〃∫5　was　used　as　an　intemal　expression　control．

2．5． E切πε35’0ηαη41フ晦々Cα∫’0ηqブ’加アθ00励伽ηψro1伽

　　　　　　The　H13R8　0RF　was　amplified　by　PCR　using　a　fbrward　primer（51－

ACCTCGAGATGGCTGTGAGTCGCGT－31）　containing　a　recognition　site　fbr焔oI

（underline　letters）and　a　reverse　primer（5LACGAATTCTGCTGTAGAACATGGGGTT

－
3’）containing　a　recognition　site　fbr　EcoRI（underline　letters）．　The　PCR　was　repeated　fbr

40cycles　under　the　fbllowing　conditions：lmin　of　denaturation　at　94°C，2min　of　primer

annealing　at　74°C，　and　l　min　of　elongation　at　72°C，　all　subsequent　amplifications　were

therefbre　carried　out　using　this　cycle　range　and　conditions．　The　PCR　products　were　purified

using　a　gel　purification　kit（GENECLEAN　II　kit，　MP　Biomedical，　Solon，　OH，　USA）and
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subcloned　in　a　fヒame　into　the　pRSET－A　vector（lnvitrogen），　which　had　been　digested　with

EcolU　and焔ol．　Recombinant　plasmids　were　used　to　trans飴㎜E．　coll（DH　5α），　and　the

trans飴㎜ed　cells　were　grown　to　an　optical　density　l　at　600　nm（OD600）at　37°C　in　a　Luria－

Bertani　broth　medium（BD，　Sparks，　MD，　USA）supplemented　with　50μg／ml　of　ampicillin．

Histidine－tagged　recombinant　HISRB　synthesis　was　induced　with　O．lmM　isopropylβ一D－1－

thiogalactopyranoside（IPTG），　and　the　culture　was　grown　fbr　an　additional　4h　at　37°C　with

shaking　at　144　revolutions　per　minute（rpm）．　The　E．　co1／lysate　was　centrifUged　at　5，000　g

盒）r30　min　at　4°C　to　use　the　pellet　fbr　H13RB　recombinant　protein　expression．　SRB　was

expressed　using　the　B－PER　II　Bacterial　Protein　Extraction　Reagent（The㎜o　Scienti且c，

Rockfbrd，　IL，　USA）as　recommended　by　the　manufacturer．　Purified　recombinant　HISRB

（rHlsRB）was　isolated　fヒom　Ni－NTA　Agarose　spin　column（Ni－NTA　spin　kit，　Qiagen，

Hilden，　Ge㎜any）and　dialyzed　against　PBS．

2．6． P7βρo磁∫oη（抑加傭’一溜8Rβ5θア〃〃2

　　　　　　One　hundred　micrograms　of　rHISRB　fbr　one　mouse　was　completely　mixed　with　an

equal　volume　of　Freundls　complete　a（加vant（Sigma－Aldrich，　St。　Louis，　MO，　USA）and

intraperitoneally　ir噸ected　into　mice（ddy，6weeks　old，　fヒmale）．　The　last　two　times　of

immunization　were　per飴㎜ed　at　days　l　4　and　28　with　the　same　dose　of　recombinant　protein

in　Freundls　incomplete　a（加vant（Sigma－Aldrich）．　Sera　were　collected　ffom　these　mice　8

days　after　the　last　immunization．
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2．7． 〃セ5’εrηわ10’αηαか5’3

　　　　　　To　dete㎜ine　native　HlSRB，　protein　expression　was　analyzed　with　lysates　of　eggs，

larvae，　nymphs，　and　adult　ticks　by　Westem　blotting　using　mouse　antiserum　against　rHISRB．

Total　protein　extracts　fヒom　3　day－fbd　adult　ticks　were　prepared　using　an　extraction　method

described　elsewhere（6）．　Tick　samples　of　H．10ηgたoア〃’3　were　homogenized　in　liquid

nitrogen　and　resuspended　in　PBS　using　a　pellet　pestle（Kontes，　Osaka，　Japan）．　The

homogenized　ticks　were　ultrasonicated　on　ice　and　then　centrifUged　at　5，000　g　fbr　5　min　at　4

°C．The　supematant　was　recovered　and　stored　at－30°C　until　used　fbr　immunoblotting．

The　tick　protein　lysates　were　separated　with　l　2％SDS－polyacrylamide　gel　electrophoresis

and　trans艶rred　to　a　polyvinylidene　dinuoride　membrane（Millipore，　Bedfbrd，　MA，　USA）．

The　membrane　was　blocked　with　5％skim　milk　in　PBS－T（137　mM　NaCl，2．7　mM　KCl，10

mM　Na2HPO4，1．8　mM　KH2PO4，　pH　7．4，0．05％Tween－20）and　then　incubated　with　a

primary　antibody（1：100　dilution）．　After　the　incubation　of　peroxide－corU°ugated　sheep　anti－

mouse　IgG（1：2000　dilution）（GE　Healthcare，　Little　Chalfbnt，　UK），　a　signal　was　detected

using　O．5　mg／ml　diaminobenzidine　tetrahydrochloride．

2．8． ㎜’惚吻πεηc8

　　　　　　Approximately，570　bp　ffagments　of　H15R8　was　amplified　by　PCR　fヒom　the　cDNA

clone　using　oligonucleotides，　including　T7　fbrward　and　T7　reverse　primers，　to　attach　the　T7

promoter　recognition　sites　on　both　the　fbrward　and　reverse　ends　（5’　－

ACGGATCCTAATACGACTCACTATAGGATGGCTGTGAGTCGCGT－3’　and　5響　一
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ACGGATCCTAATACGACTCACTATAGGTGGTTGCAACTAGTGGGTCA－3’，　the　T7

promoters　are　underlined）．　The　cDNA　of　the丘re　fly　1〃c施πα3ε0祝（ソ（Promega，　Madison，

WI，　USA）gene　was　ampli丘ed　by　PCR　using　oligonucleotides，　including　the　T7　fbrward　and

T7　　　　　　　　reverse　　　　　　　　primers　　　　　　　　（5’　　　　　　　　－

GTAATACGACTCACTATAGGGCTTCCATCTTCCAGGGATACG－3’　and　　51　－

GTAATACGACTCACTATAGGCGTCCACAAACACAACTCCTCC－3’，　　the　　　T7

promoters　are　underlined）．　The　PCR　was　conducted　fbr　40　cycles　under　the　fbllowing

conditions：1min　of　denaturation　at　94°C，2min　ofprimer　annealing　at　62°C，　and　l　min　of

elongation　at　72°C；all　subsequent　amplifications　were，　therefbre，　carried　out　using　this

cycle　range　and　conditions．　The　PCR　products　were　purified　using　a　gel　purification　kit

（GENECLEAN　II　kit，　MP　Biochemical，　OH，　USA）．　The　T7　RiboMax　Express　large－scale

RNA　kit（Promega）was　used　to　synthesize　RNA　by加vノ〃o　transcription　according　to　the

manu飴cturer’s　protocol．　Fo㎜ation　of　dsRNA　was　con且㎜ed　by　mnning　lμl　of　the

reaction　products　in　a　l．5％agarose　gel．　The　dsRNA　irU°ection　was　fbllowed　as　described

previously（6）．　Briefly，1μg　ofthe　H13Rβ一dsRNA　and　1〃c－dsRNA　in　O5μl　of　an　ir噸ection

buf艶r（10　mM　Tris，1mM　EDTA，　pH7．4）was　irり邑ected　into　50　unfbd　ticks　in　the

experimental　or　control　groups，　through　the　fburth　coxae　into　the　haemocoel；the　unfbd　ticks

were　fixed　on　a　glass　slide　with　adhesive　tape．　The　irjections　were　carried　out　using　50一μl

microcapillaries（MICROCAP⑭，　Drummond　Scienti且c，　Broomall，　PA，　USA）drawn　to且ne－

point　needles．　The　needles　were　connected　to　an　air　compressor．　IrU°ected　ticks　were　left　fbr

lday　at　25°C　in　an　incubator　and　then　checked　fbr　mortality　resulting　fヒom　possible　irU’ury

during　irU°ection．　Ticks　f『om　both　the　experimental　and　control　groups　were　simultaneously
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色don　the　same　rabbit　with　two　groups　in　diffbrent　ears．　Three　days　after　attachment，　a

total　of　lO　ticks　were　detached　f士om　the　host　fbr　subsequent　experiments：five　ticks　fbr

RNA　extraction　and　five　ticks　fbr　the　preparation　of　tick　protein　lysate　in　each　group．

Thereafter，　ticks　were　homogenized　in　TRIzol　reagent（Invitrogen）and　PBS　fbr　extraction

of　whole－tick　RNA　and　lysate　antigen　preparation　fbr　gene－specific　silencing　confirmed　by

RT－PCR　and　Western　blot　analysis．　The　remaining　ticks　were　allowed　to色ed　until

engorgement．　The　success　oftick色eding　was　dete㎜ined　by　measuring　the　total　number　of

ticks　engorged，　the　weight　of　engorgement，　survival，　and　oviposition．

2．9． 1η4舵c∫肋〃2〃〃φ〃or85c8躍魏め04〃ε5ψ四η

　　　　　　For　endogenous　localization　of　HISRB，　fbmale　H．10ηg／co用ノ5　adults　were　fbd　on　the

ears　ofrabbits（21）and　recovered　4　days　post－infbstation．　The　midguts，　salivary　glands，　and

ovaries　ffom　partially　fbd　ticks　were　immediately　dissected　out　under　the　microscope（21）．

Dissected　organs　were　separately且xed　with　4％parafb㎜aldehyde　in　PBS　including　O．1％

glutaraldehyde　at　4°C　ovemight．　A丘er　washing　with　a　sucrose　series　in　PBS　ovemight，

samples　were　embedded　in　Tissue－Tek　O．C．T．　Compound（Sakura　Finetek，　Torrance，　CA，

USA）and　fbozen．　Frozen　sections（12μm）were　cut　with　a　cryostat（Leica　CM　1850，　Leica

Microsystems，　Wetzlar，　Ge㎜any）and　placed　on　micro－glass　slides　and　then　blocked　with

5％skim　milk　in　PBS　ovemight　at　4°C．　Sections　were　incubated　fbr　30　minutes　at　37°C

with　l：100　dilution　of　an　anti－rHISRB　mouse　serum．　Nomユal　mouse　serum　l：100　was　used

as　a　negative　control．　After　washing　3　times　with　PBS，　Alexa　488－corU’ugated　goat　anti－

mouse　immunoglobulin（1：1000；Invitrogen）was　applied　as　second　antibody　at　37°C　fbr　l
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hour．　After　three　washes　with　PBS，　samples　were　mounted　in　a　mounting　medium

（Vectashield，　Vector　Laboratories，　Burlingame，　CA，　USA）and　then　covered　with　a　cover

glass，　the　images　were　photographed　and

（Olympus，　Tokyo，　Japan）．

2．10． 5嬬5’た01αηα加θ5

recorded　using　a　f［uorescence　microscope

　　　　　　All　statistical　analyses　were　done　with　the　Student’s’－test．

the　means土SD．．P＜0．05　values　were　considered　significant．

Results　are　presented　as

3．

3．1．

Results

148畷β0α”0刀（～プcD1》∠εηCO4’η9’たた50αVεη9εr　FθCのor

　　　　　　We　identified　the　fUll－length　H18R8　cDNA丘om　EST　clones（Fig．1）．　Sequence

analysis　showed　that　the　fhll　length　of　H18RB　cDNA　is　2，908　bp，　with　the　predicted　start

codon　at　the　280－282　bases　and　the　stop　codon　at　l，798－1，800　bases　and　an　O即extending

丘om　position　280－1，800　coding　fbr　506　amino　acid　polypeptides　with　a　predicted　molecular

mass　of　50　kDa　and　a　pI　of　5．83．　The　3’untranslated　region　contains　l，108　bp　and　ends

with　a　20　bp　polyadenylation（A）tail　that　begins　l　3　bp　downstream　fbom　AATAAA，　the
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eukaryotic　consensus　polyadenylation　signal（Fig．1）．　Blastx　analysis　revealed　that　HISR8

has　high　homology　to　a　CD36－like　protein　known　to　be　related　to　the　SR　class　B　family．

Structural　analysis　fhrther　demonstrated　the　presence　of　a　well－conserved　SRB　domain，

which　included　a　highly　conserved　proline，　glycine，　and　cysteine　region（aa　247－365）and

hydrophobic　domains　located　at　the　end　of　the　predicted　polypeptide　sequence（Fig．1）．　In

addition　to　the　conserved　amino　acid，　nine　asparagine［aa　44－46（NNS），　aa　67－69（NLT），　aa

lO5－107（NGT），　aa　121－123（NAS），　aa　211－213（NGS），　aa　241－243（NLT），　aa　253－255

（NGT），　aa　271－273（NYT），　and　aa　364－366（NGS）］residues　were　identified　as　potential　N」

linked　glycosilation　sites．　Fu曲e㎜ore，　twelve　glycine　residues（aa　247，248，254，257，287，

293，309，327，332，337，360，365），ten　proline　residues（aa　261，262，288，302，314，333，

339，345，352，363），and　fbur　cysteine　residues（Cl－249，　C2－278，　C3－317，C4－334）were　well－

conserved　in　the　proline，　glycine，　and　cysteine－rich　region．　Four　cysteine　clustered　residues

（C1－C3，　C2－C4）were　recognized　as　potential　sites　fbr　intrachain　disulfide　linkage．　Finally，

nine　asparagine　and　fbur　centrally　clustered　cysteine　residues　were　linked　as　potential　sites

食）rハqinked　glycosylation　and　intra－molecular　disulfide　bridges，　respectively（77）（Fig．1）．

　　　　　　Alignment　of　the　amino　acid　sequence　of　3Rβgene　f『om　H　lo〃g∫co用15　tick

indicated　that　it　shares　38％identity　with　the　hard　tick九〇∂255cgρ〃1αrls（XP　OO2409323），

30％identity　with　the　nies　Dro3qψ〃ααηo刀o∬α8（XP　OO　l　965367），31％identity　with　the

lice　1）aノ’c〃1〃∫加〃2αη〃5　coηフoπ15（XP　OO2003657），　and　31％identity　with　the　human　H∂醒0

5gρ蜘5（CAA80277）．　The　H15Rβprotein　had　an　overall　30％identity　to　both　mammalian

vertebrate　and　insect　invertebrate　SRLB　membrane　proteins，　which　is　common　fbr　members

ofthe　SRB　superfamily（45）（Fig．2）．
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　　　　　　Aphylogenetic　tree　using　amino　acid　sequences　of　SRB　ffom　dif琵rent　sources　by

the　neighbor→oining　method，　revealed　that　H13R8　and　the　mammalian　8RB∫represent　a

separate　group　ffom　the　invertebrates　and　insect　3R88．　On　the　other　hand，　H15RB　is　most

closely　related　to　a　3Rβlike　protease　precursor　f卜om　the　ixodid　tick，1κooセ33cgρ〃αアノ∫（Fig．

3）．

3．2． 欣μ8∬’oηρr（塘1εqプH13Rβ

　　　　　　To　dete㎜ine　whether　the　H1訳βtranscription魚ctor　identi行ed丘om　the　H

loηgたoπ廊genome　is　expressed　in　adult　fbmales，　we　isolated　total　RNA　fピom　the　fbllowing

色male　developmental　stages　and　body　parts：adults，　nymphs，　larvae，　eggs，　midguts，　salivary

glands，　ovaries，伽bodies，　and　hemocytes．　The　RT－PCR　was　per飴㎜ed　using　HISRB－

specific　primers　and　was　indexed　to　the　levels　obtained　f卜om　the　actin　primers．　As　shown　in

Fig．4，0ur　preliminary　data　showed　thatβ一αc伽did　not　change　with　the　stage　of　the　tick　or

across　tissues．　H13RB　was　expressed　in　all　developmental　stages　but　adults　and　egg　were

higher　than　those　of　nymphs　and　larvae（Fig．4A）．　All　tissues，　including　the　midgut，

salivary　glands，　fat　bodies，　and　hemocytes，　ffom　partially　fbd　to　fUlly　engorged　adult　ticks

showed　similar　expression　of　the　H18Rβgene（Fig．4B）．　Agradual　increase　in　the

expression　of　the　H13Rβduring　fbeding（day　2　to　engorged）was　observed　in　ovary．

However，　similar　levels　of　expression　ofthe　gene　were　detected　on　all　days　examined　in　all

diffbrent　tissues　except　fbr　what　appears　to　be　mRNA　upregulation　by　ovary．　I　fbund　that

the　transcript　ofthe　HZsRβwas　highly　expressed　in　the　midgut，　fat　body，　salivary　gland，　and

hemocytes（Fig．4B）．
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3．3． E比P泥∬’oη（ゾアθco〃2わ∫〃oη’H13Rβ’〃E．　coli

　　　　　　Arecombinant　protein　canying　a　tag　of　six　histidine　residues　was　produced　in　E．

co1’．　The　cDNA　fbagment　encoding　the　H15R8　was　amplified　by　PCR．　The　PCR　product

was　inserted　into　the　EcoRI　site　ofthe　pRSET－A　vector．　The　expression　ofthe　recombinant

HISRB　in　E．　coll　was　co面㎜ed　by　SDS－PAGE（Fig．5A）．　Bacterial　cells　containing

rHISRB　cDNA　were　induced　fbr　expression　by　addition　of　IPTG，　which　led　to　the　synthesis

of　an　approximately　50　kDa　His6－HlSRB　fUsion　protein（Fig．5A，　lane　2）．　The　his－tagged

recombinant　protein　was　purified　by　affinity　chromatography　on　Ni－NTA　resin　columns

（Fig．5A，　lane　3）．　Purified　recombinant　protein　was　used　in　the　immunization　of　mice　fbr

the　production　of　antisenlm．

3．4． 14θη’ヴ～co「〃oη（～プηα’ノv8」ρFO旋～1η’η｛2勿〃～～78η16た～v｛31ρρ〃2（～η’α15’α9θ5　qプ”cん3

　　　　　　To　dete㎜ine　the　molecular　weight　of　endogenous　native　HlSRB　protein

corresponding　to　the　cloned　cDNA　product，　mouse　anti－rHlSRB　serum　was　used　to　probe

the　immunoblotting．　Lysates　of　eggs　and　whole　body　lysates　ffom　partially　fbd　larvae，

nymphs　and　adult琵male　ticks　were　used　fbr　Westem　blot　analysis　with　mouse　anti－rHISRB

senlm．　In　this　analysis，　a　strong　band　of　43　kDa　was　detected　fbr　the　control　anti－actin

serum　in　any　of　the　samples（Fig．5B）．　HISRB－specific　50　kDa　strong　band　was　detected

食）rthe　anti－rHISRB　antibody　in　egg　lysate　and　partially　fbd　adult　lysate，　and　a　weak　band

was　detected　in　partially　fbd　nymphal　and　larval　lysates（Fig．5C）．　These　results　show　that
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all　developmental　stages　ofticks　express　the　HISRB　protein　but　the　expression　in　adults　and

eggs　was　higher　than　that　in　nymphs　and　larvae．

3．5． H15RBgθ〃θ511ε〃dη9

　　　　　　To　con丘㎜the　gene　silencing　ofH1叙βduring　tick色eding，　ticks　were　injected　with

either　H13R8　dsRNA　fbr　the　experimental　group　or　1〃c　dsRNA　fbr　the　control　group　befbre

being　fbd　on　rabbits．　Gene－speci且c　primers　were　used　fbr　RT－PCR，　and　a　parallel　RINA

sample　withβ一actin－speci丘c　primers　were　also　ampli且ed　as　a　positive　control．　We　fbund　a

considerable　larger　decrease　in　the　H13R8　transcript　in　the　experimental　group　than　in　the

control　group（Fig　6A）．　Additionally，　native　HISRB　protein　expression　in　the　experimental

and　control　groups　were　dete㎜ined　using　Westem　blot　analysis．　The　immunoblot　showed

that　the　HISRB－specific　band　was　not　appearing　in　H15RβdsRNA－irOected　tick　lysates　but

was　appearing　in　1麗c　dsRNA－irOected　tick　lysates，　while　mouse　anti－actin　senlm（control）

specifically　reacted　with　the　43　kDa（Fig．6B）and　50　kDa（Fig．6C）bands　of　mouse　anti－

rHlSRB　serum，　respectively，　These　findings　suggest　that　post－transcriptional　gene　silencing

had　been　achieved　in　H　loηgた07η’5　treated　with　sequence－specific　dsRNA．

3．6． R八辺ノー〃zε4’o’8殿〃ocん40wη9プH13R8

　　　　　　RNAi－mediated㎞ockdown　ofH15摺was　evaluated　to　determine　its　biological　role

in　ticks．　To　co面㎜the　RNAi　of　H13Rβ，　we　used　a　ds㎜A　injection　of　the　H1∫RB　gene

and　a　control　of　the　1〃c　gene．　The　phenotypic　fbatures　of　the　H15RβdsRNA－irjected　and
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control　1〃c　dsRNA－irU’ected　ticks　are　shown　in　Table　1．　The　average　engorged　body　weight

ofH13RβdsRNA－irU°ected　ticks　was　l41．6士46．O　mg，　while　that　of　control　group　was　256．1

士55．O　mg．　The　average　egg　weight　of　H18RB　dsR］NA－i切ected　ticks　was　61．8土32．3　mg，

while　that　of　the　control　group　was　l　31±35．8　mg．　The　ratio　ofthe　body　weight／egg　weight

in　the　H13RβdsRNA－i切ected　group　was　42．45土135　mg，　whereas　that　of　the　control

groups　was　509土7．3　mg．　The　percentage　of　hatching　rate　in　the　HISRB　dsRNA－irり’ected

group　was　83．7％，　while　that　in　the　control　group　was　lOO％．　In　the　H13RβdsRNA－

irU°ected　group，6．2％of　the　engorged　ticks　died．　No　dead　ticks　were　observed　in　the　1〃c

dsRNA－ir噸ected　control　groups．　However，　significant　diffbrences　were　fbund　between　the

two　groups　with　regard　to　fbeding　duration，　engorgement　time，　and　survival　rate．　The

results　suggest　that　the㎞ockdown　of　endogenous　SRB　by　RNAi　impacted　on　tick　blood

fbeding　and　egg　Production．

3．7． 1η4舵c’吻〃z即q伽orθ5cεη如纏加め〃雄μE4η

　　　　　　To　examine　endogenous　HISRB　localization　in　the　midguts，　salivary　glands，　and

ovaries　of　4－day　post－engorgement　adult　fbmales，　an　indirect　fluorescent　antibody　test　was

per飴nned　using　anti－rHISRB　immune　serum　as　the　test　senlm　and　no㎜al　mouse　serum　as

anegative　control　fbr　the　primary　antibody．　Alexa　488－corU°ugated　anti－mouse

immunoglobulin　was　used　as　secondary　antibody．　As　shown　in　Fig．7，　examination　of　the

tissue　sections　demonstrated　positive　fluorescence　in　the　midgut　digestive　cells，　midgut

undif驚rentiated　cells，　salivary　gland　granular　acini　and　ovary　oocytes，　indicating　that
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endogenous　HISRB　was　expressed　in　these　cells．

indicate　any　positive　fluorescence．

Serum丘om　no㎜al　mouse　did　not

DiSCIlssion

　　　　　　In　this　chapter，　I　describe　the　cloning，　expression，　localization，　and　characterization

of　HlSRB．　Six　fhll－length　cDNA　libraries　of　salivary　glands，　midgut，　ovary，　hemolymph，

ねtbody，　and　eggs　of　1孟10ηg／co用15　ticks　were　constmcted，　and　the　corresponding　EST

database　was　made　in　our　laboratory．　Several　clones　encoding　putative　3Rβwere　picked　up

丘om　the　above　libraries，　and　the　plasmid　DNA　ffom　the　clones　was　prepared　fbr

sequencing．　Therefbre，　the　5Rβ一like　gene　was　finally　obtained　and　designed　as　1113R8．　An

alignment　of　ESTs　fヒom　the　H　loηg／oor刀13　genome　encoded　a　single　assembled　cDNA　gene

sequence　with　homology　to　an　8R8－like　cDNA，　which，　af㌃er　cloning　and　sequencing　of　the

complete　cDNA　ffom　H　loηgたo禰5，　revealed　a　predicted　ORF　of　amino　acids　with　30％

identity　with　CD36，　a　class　B　scavenger　receptor　protein　fbund　in　vertebrates　and

invertebrates（27）．　As　a　member　of　the　SRB　superfamily，　the　HISRB　possessed　several

shared　stnユctural　characteristics（27）including　hydrophobic　transmembrane　regions　in　the

carboxy－and　amino－te㎜inal　ends，　a　highly　conserved　S冊domain　containing　well－

conserved　cysteine，　glycine，　and　proline　residues，　and　conserved　asparagines　that　are

presumed　to　serve　asハqinked　glycosylation　sites．
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　　　　　　Additionally，　the　peptides　containing　fbur　centrally　located　cysteine　residues，　which

have　been　suggested　to　be　palmitoylated　and　to　have　a　hydrophobic　nature，　in　ffactions　ffom

peptide　maps　of　SRB（77）．　These　cysteine　residues（C　1－C3　and　C2－C4）are　also　linked　by

disulfide　bonds，　resulting　the　arrangement　of　disulfide　bridges，　demonstrating　that　the

飴㎜ation　of　an　intra－molecular　disul丘de　bridge　in　SRB　is　a　prerequisite鉛r　intracellular

processing　and　transport（28）．　Overall，　based　on　these　critical　stmctural　similarities，　I

conclude　that　the　cloned　H，10ηg’co7η’5　SR－like　protein　belongs　to　the　family　of　class　B

scavenger　receptors　CD36．

　　　　　　The　molecular　size　of　human　SRB　was　estimated　to　be　53　kDa（64），　which　diffbred

丘om　the　value　of　88　kDa　reported　in　other　studies（51，84）．　The　dif琵rence　was　explained

by　the　molecular　conditions　af飴cted　by　post－translational　modification　in　diffbrent　tissues；

moreover，　there　was　glycosylated　SRB　and　nonglycosylated　SRB．　A　recent　report　on

human　SRB　also　showed　an　apparent　molecular　mass　of　50　kDa　in　Sfg　cells　infbcted　with　a

recombinant　baculovims（90）．　Ifbund　a　similar　result，　namely，　that　the　His－tagged

recombinant　HlSRB（Fig．5A）and　also　a　native　protein　was　recognized　a　50　kDa（Fig．5C）；

it　is　hypothesized　that　the　HISRB　may　represent　SRB－like　protein　and　may　be　similar　to　that

ofhuman　SRB　expressed　in　Sf9　cells　infbcted　recombinant　baculovims．

　　　　　　The　expression　of　mRNA　fbr　the　H13R8　gene　was　detected　at　fbur　dif琵rent

developmental　stages　and　in　the　major　tissue　of　adult　ticks　by　reverse　transcription　PCR

（Fig．4），　indicating　the　important　physiological　role　ofthis　molecule　throughout　the　tick　lifb

cycle　as　well　as　in　diffbrent　tissues　of　adult　ticks．　However，　the　expression　levels　of　the

H15Rβgene　in　diffbrent　tissues　are　the　same，　but　the　diffbrent　stages　are　not　the　same．　As
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shown　in　Fig．4A，　the　H18RB　gene　has　much　higher　expression　in　the　egg　and　adult　stages

than　in　the　larval　and　nymphal　stages，　indicating　that　the刀1∫Rβgene　not　only　fUnctions　in

the　gut　but　also　plays　an　important　role　in　the　lipoprotein－mediated　lipid　metabolism（36，

37）．Asimilar　case　was　also　observed　in　Dπ05（ψ乃’1α：SRB　is　expressed　in　the　embryonic

stage（41）during　the　third　larval　instar，　late　pupal，　and　imago　stages，　but　no　expression　is

observed　in　the　early　two　larval　instars　and　pupae　ofthe　Dro∫g助’101ifb　cycle（88）．

　　　　　　SRs　are　attractive　candidates　fbr　pattem－recognition　receptors　that　help　confbr　the

polyspecificity　and　selfアnonself　discrimination　require　fbr　innate　immunity　in　both

vertebrates　and　invertebrates（1，42，　l　l）．　The　SR　class　B　is　expressed　at　high　levels　in　the

rat　ovary，　indicating　that　it　plays　a　role　in　the　delivery　of　cholesterol　and　also　to　be　involved

in　the　host　defbnse　against　exogenous　pathogens　and　in　the　recognition　of　damaged

molecules　and　apoptotic　cells（44，85）．　In　Dア03g助’1α，　the　expression　pattem　of　Dro5gρ乃ノ1α

SR　was　fbund　to　gradually　rise　to　all　the　embryonic　macrophages／hemocyte　development

during　embryonic　development　stage　lO　to　stage　l4，　suggest　that　Dπ05卿乃’10　SR　may

pa丘icipate　in　a　variety　of　macrophage／hemocyte　fhnction　and　i㎜ate　immunity（68）．　In　this

study，　the　expression　pattem　of五η5Rβgene　in　hemocytes　was　well　expressed　and　that　in

the　ovary　was　up－regulated　during　blood　fbeding（day　2　to　engorged）by　RT－PCR（Fig．4B）；

moreover，　endogenous　HISRB　protein　was　also　detected　in　several　tissues　ofticks　including

ovary，　by　IFAT（Fig．7）．　In　addition，　the　recombinant　rHISRB　protein　was　purified　and

used　to　generate　anti－sera．　Native　proteins　of　various　tissues　fヒom　partially　engorged　ticks

were　s呵ected　to　Westem　blot　analysis．　The　50　kDa　bands　in　dif飴rent　stages　of　tick

lysates　were　detected　along　with　a　strong　band　in　the　lysate　of　egg　and　adult　by
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immunoblotting　using　anti－rHlSRB　semm，　while　weak　band　was　observed　in　the　lysate　of

nymph　and　larvae（Fig．5C）．　My　result　suggests　that　HISRB　appears　to　be　involved　in　the

fUnctional　activities　of　SRB，　providing　to　next　chapter　of　the　fhnctional　conservation　of

innate　immunity　f卜om　the　hard　tick　H．10ηgたoπ廊using　hemocytes　by　IFAT．　However，　all

diffbrent　tissues　including　the　midguts，　salivary　glands　and　fat　bodies　fピom　partially　unfbd　to

fUlly　engorged　ticks　showed　similar　expression　by　RT－PCR（Fig．4B）．

　　　　　　In　the　SRB　family　of　membrane　protein，　a　similar　pattern　of　disulfide　bridges　and

glycosylations　is　likely　to　be　fbund　in　the　sensory　neurone　membrane　protein（SNMP）ffom

mammalian　and　insect　SRBs（77）．　Here，　I　have　fbund　that　comprising　nine　glycosylations

and　two　disulfide　bridge　in　HISRB　protein（Fig．1），　indicates　may　be　implicated　pheromone

detection　in　H．10ηglcoF〃1∫ticks．　Furthe㎜ore，　expression　and　intemal　localization　are

modified　in　an　essential　role　fbr　lipid　and　lipid　metabolism　in　human　SRB（4）．　In　my

experiment，　I　fbund　that　HlSRB　was　expressed　in　all　developmental　stages，　in　diffbrent

tissues（Fig．4），　and　in　the　endogenous　native　HISRB　protein　of　partially　fbd　fbmale　H

lo刀g’coア廊ticks（Fig．5C）．　In　addition，　the　immunohistochemical　localization　of

endogenous　HlSRB　was　fbund　to　be　expressed　in　several　tissues，　including　the　midguts，

salivary　glands，　and　ovaries，　while　the　ticks　were　fbeding　on　the　host（Fig．7）．　These　results

indicated　that　HISRB　may　be　irlvolved　in　pheromone　signaling　and　fatty　fbod　prefbrence　in

sensory　cells　and　may　fUlfill　an　essential　role　in　lipid　and　the　lipid　metabolism．

　　　　　　Several　repo丘s　have　co面㎜ed　that　RNAi　can　be　a　power血l　tool角r　silencing　the

tick　gene（3，6，49，55，59）．　I　also　applied　RNAi　with　one　part　of　the　ffagment　ofthe　H1、∫Rβ

gene　to　H　loη91coπη’5．　Ifbund　a　considerable　decrease　in　the　H15Rβtranscript　in　the
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H15RβdsRNA－treated　group　ffom　that　in　the　control，　as　detected　by　the　RT－PCR（Fig．6A）

and　Westem　blot　analysis（Fig．6B　and　C）．　These且ndings　suggest　that　posttranscriptional

gene　silencing　had　been　achieved　in　H　lo刀g∫co7η’5　treated　with召75RB　dsRNA．　Next

results　showed　that　an　ir噸ection　of　dsRNA　of　the召75RB　gene　led　to　a　larger　reduction　of　the

tick　engorgement　weight　after　blood　fbeding　than　an　irOection　of　the　1〃o　dsRNA　control，

suggesting　that　H15Rβmay　play　an　important　role　in　metabolic　default　and　physiological

process　including　blood艶eding，　oviposition　and　also　cuticle鉛㎜ation　ef色ct　of　H13R8

dsRNA　treatment　in　tick　H　loηg’coπ廊．　Similar　result　was　observed　in　51吻o〃50〃ノ，　in

which　a　decrease　in　the　length　of　the　parasites　and　a　change　in　the　tegumental　surface　ofthe

larval　were　noted　after＆〃2α〃50刀’5RβdsRNA　treatment（15）．　Similar　to　what　has　been

reported　in　Dro5g助ノ10，　a　reduction　in　infbction　was　observed　3　days　after　dsRNA　treatment

R）rmycobacrerial　infbction（73）．

　　　　　　In　summary，　I　identified　a　scavenger　receptor　class　B－like　protein　belonging　to　the

CD36　superfamily　in　H　loηg’corη’∫，　the　first　to　be　structurally　characterized　in　ticks．　Even

though　the　cloned　molecule　was　fbund　to　be　highly　homologous　to　a　class　B　scavenger

receptor　CD36　protein（SRI3），　the　fhll－length　of　H15RB　contains　a　polypeptide，　a

hydrophobic　sRB　domain，　and　a　highly　conserved　proline，　glycine　and　cysteine　region．

HISRB　has　been　fbund　to　be　expressed　strongly　in　the　egg　and　adult　stages　but　weakly　in

the　larval　and　nymphal　stages　and　to　locate　on　the　midgut，　salivary　gland，　and　ovary　of

partially　fbd　H　loηg’coF廊．　However，　subsequent　RNAi　experiments　demonstrated　a

possible　link　between　H　lo〃gloo翻5　SRB－like　transcript㎞ockdown　and　disruption　of　the

H15RB　gene，　which　led　to　a　significant　reduction　of　the　engorged　body　weight．　Therefbre，
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in　next　chapters，　I　R）cused　on　the　details　ofthe　fUnctional　analysis　of　the　class　B　scavenger

receptor　CD36　gene　fピom　H．10〃gたo用∫8．
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Fig．1．　　Nucleotide　and　deduced謎mino　acid

receptor　CD36（＆Rβ）gene　fセom且1∂㎎・’cor〃’5　tick

sequence　of　cl訊ss　B SC紐venger

　　　　　　　　　　Blastx　analysis　revealed　an∬盈R、8　domain（aa　l－442，　underline　showed），　which

included　a　highly　conserved　proline，　glycine，　and　cysteine　region　（aa　247－365；cysteine，

glycine，　and　proline　residues　are　indicated　in　gray，　underlined，　and　circled，　respectively）．

Four　cysteine　clustered　residues　were　recognized　as　potential　sites　fbr　intrachain　disulfide

linkage（aa　249－334）and　are　indicated　by　red　triangles．　Amino　acids　are　numbered　on　the

right．
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Fig．2． The　ahgnment　of　the翫mino紐cid　se｛luence　of　HISRB

　　　　　The　alignment　of　the　amino　acid　sequence　of　class　B　scavenger　receptor　CD36　gene

was　compared　with　those　of　the　class　B　scavenger　receptor　CD36　transcription　f自ctor　of　the

ixodld　tick　Zκ04e33α㌍～’1α’・孟∫（XP　OO2409323），　the　flies　D1・o∫g助〃o　o’π1ηα∬σ8　（XP

OOI965367），　the　lice　1）αカcz〃z’8乃〃〃z〃2〃8　co’・Z）o厭～，（XP　OO2003657），　and　the　human〃o〃70

8‘｛！フ～c’λg（CAA80277）．　Idelltical　residues　are　dark　shaded　and　si111Harity　residues　are　grey

shaded．　Amillo　acids　are　llulnbered　oll　the　right．　The　disulflde　bridges（Cl－C3，　C2－C4）are

shown　with　a　llllked　line．
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Fig．3． Phylogenetic　tree　of　the　protein　sequences　of、猷Z∫jRB　genes．

　　　　　　The　HISRB　amino　acid　sequences　were　used　the　bee．4μ51刀ε11旅r‘」（GenBank

accession　No．　XP392321），　the　wasps／Vα30171αv1〃ψε朋13（XPOO　1604561），　the　mosquitoes

C〃1〃5g〃加gz1ψ3do’〃3（XPOO　l　844488）and、4〃ρρ加1θ3　goη7わ108（XP31428　D，　the　flies

Dm59ρ痂10　α17‘1〃o∬αε　（XPOO　1965967），　Dro39ρ痂10　〃79／ovε17315　（XPOO2003657），　and

Dro5gρ乃11α　g’・伽訪o｝4／1　（XPOOI988551），　the　lice　Pα11α’1〃8　加’1η‘1〃〃8　ω11ρ‘，1ゴ3

（XPOO2427891），　the　ixodid　tickムηo燃8c‘ろρ〃101・酌（XPOO2409323），　the　bird（7‘1〃z’3　gσ〃z’8

（XP415106），　the　human　〃o〃π）8角016’z㌢　（CAA80277），　the　monkey　P‘〃7　11りglo4γ1（碧

（XP509475），　the　rabbit　O’1γ6101‘1gzム写αノ〃1α〃〃5　（NPOO　1076257），　the　dog　C‘1〃ノ3　1甲〃3

（XP543366），　the　rat　Rαが〃∫ηoハ，θglc〃3（EDMl3560），　the　Florida　lallceletβ’・σ〃c1110∫1o〃～θ

．〃01・1ぬθ（XPOO2609178），　the　acom　woma　3α6coglo∬〃3んo怖，01θv8ん〃（XPOO2735902）and　the

Placozoa乃・10加ρ1αx　oo物oθ1でη3（XPOO2112871）．

30



A A N L E

〃1．～丁尺β

β一．イc1〃7

B　　　　UF

HCmし）cytCS

　　β一．・1c〃〃

Sa［ival¶y　glands

　　　　　β一，4（・〃”

Ovary

β一．4（・〃η

d1 d2 d3 d4 En

／ノー．・1（圏〃〃

Fat　bodv

／ノー／1ぐ〃〃

Fig．4．　　　Transcription　profile　of〃応1～βin　imm劉ture　deve置opment劉置st紐ges劉nd　in

diffe『ent　tissues　of劉dult　fem劉畳es。

　　　　　Trallscrlptioll　pro負le　of人11∫R．8　ill　immature　developmelltal　stages　and　ill　diffbrent

tissues　of　adult　fbmales．　Total　RNA　was　isolated　fi・om　partially　fbd　adults，　larvae，　nymphs．

and　eggs．　Allalysis　of〃131～8　gelle　expressioll　ill　imlnature　developlllental　stages（A）．　A、

adult　fbmales；N、　llymphs；L．1arvae；E，　eggs．　Expression　profle　of　tlle〃13R8　gelle　at

difR）rent　days　of　henlocytes，　sahvary　glalld，　ovary，重nidgut　alld　fht　body　in〃．／0’？91‘Y，’°’11、写

色lnale　ticks　during　blood　sucking（B）．　U£ullfbd　ticks；dl，one－day－fed　ticks；d2、　two－day一

色d　ticks；　d3，　three－day－fbd　ticks；　d4，　fbur－day－fbd　ticks；　En，　ellgorged　ticks．　　The

trallscriptioll　profiles　ofβ一σc1～’？were　used　as　an　interllal　controL
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Fig．5． Expression訊nd　puri血c訊tion　of　rHISRB　in　E．　co〃

　　　　　　（A）Recombinant　proteins　or　bacterial　lysates　were　electrophoresed　on　a　12％SDS－

polyacrylamide　gel　and　tllen　stailled　with　Coomassie　brilliant　blue．　M，　molecular　weight

marker；lane　l，　crude　lysate　of　E．　co〃befbre　induction；lalle　2，　IPTG－induced　E．ω1～lysate；

lane　3，　puri∬ed　recombillant　HISRB　protein．　Westem　blot　analysis　of　elldogenous　HISRB　il1

〃．10〃9～60’”酌tick　Iysates．　Egg　lysates　and　dif色rellt　stages（larval、　nympllal　and　adult　stages）

of　3　day－fヒd　tick　lysates　were　su切ected　on　l　2％SDS－PAGE　under　reducing　conditions　alld

tralls飴rred　to　a　PVDF　membralle．　Tlle　melnbrane　was　probed　with　the　mouse　allti－actin

serum（B）and　tlle　mouse　allti－rHISRB　serum（C）．　M，　molecular　marker；A，　lysate　of　3－day

免dadult　fblnales；N，　lysate　of　3－day　fbd　nymphs；L，　lysate　of　3－day　fヒd　larvae；E，1ysate　of

eggS・
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Fig・6． Eff6ct　of　dsRNA　tre飢ment　on」猷凪Rβgene　disruption

　　　　　dsRNA　complementary　to〃131～8　was　il噸ected　into〃．／0ηglco朋～5　adult　bnales．　The

irJected　ticks（50　individuals　fbr　each　group）were　allowed　to　fヒed，　and　ticks　were　recovered

from　the　1〃cl彦’・‘13θ（control）and∬13尺8　dsRNA－treated　group，　respectively，　af㌃er　3　days　of

免eding．　Reverse　transcription　PCR　analysis（A）．　M，　molecuiar　markerJane　l，1zκdsRNA－

treated　colltrol　ticks　witll　the　primer　set　fヒ）r　actinコane　2，〃ム∫RβdsRNA－treated　ticks　with　tlle

primer　set廿br　actin，1ane　3，！〃c　dsRNA－treated　control　ticks　with　the　primer　set　fbr　scavenger

receptor，　lalle　4，〃15ノ～βdsRNA－treated　ticks　with　tlle　primer　set　fbr　scavenger　receptor．

Westenl　blotting　analysis　with　mouse　anti－actin　seruln（B）and　allti－rHISRB　seruln（C）．　M、

lnolecular　rnarker；lane　l，　extract　f士om　lzκdsRNA－treated　control　ticks，且ane　2．　extract　f予om

H13ノ～βdsRNA－treated　ticks．
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Fig．7．　　　lmunohistochemic劉口ocaiization　of　endogenous　H畳SRB　in　the　midgutラ

saliv劉ry　gl劉nds，劉nd　ov紐ry　of　p劉rtially　f6d劉dultκ10〃g’coア〃’5　by　IFAT

　　　　　　Stailling　pattem　ofanti－rHISRB　serum　and　llormal　mouse　serum　were　used　as　primary

antibodies　with　a　fluorescence　microscopy．　The　mouse　allti－lgG　conjugated　with　Alexa　488

was　used　as　secondary　antibody．　ML，1nidgut　lumell；MC，　midgut　cellsl　SL，　salivary　gland

lumen；SGG，　salivary　gland　granular　acini；00，00cyte；OD，　oviduct．　Tlle　scale　bar

represents　20μln．
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T劉ble　1 Effbcts　of　HISRB　RNA　interfbrence

Groups No． Engorged　　Average
body　weight　egg　weight
（mg）a’C　　　（mg）a’c

Ratio　ofegg

weight／body
weighta’c

Mortality　of

engorged
ticks（％）b・c

Hatching
rate（％）C

HZ5Rβ

dsRNA
50 141．6土46．0　　61．8土二32．3　　42．45：Ll3．5 6．2 83。7

1〃c

dsRNA
50 256．1±55．O　　l31土35．8 50．9±7．3 0 100

aValue　is　mean土SD．

bThe　mortality　was　calculated　as　the　ratio　ofdead　engorged　ticks　to　the　total　number　of

engorged　ticks　up　to　20　days　after　ticks　droPPed　off　the　host．

cSignificantly　diffbrent（1）＜0．05）as　calculated　by　Students’test．
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Chapter　2

Scavenger　receptor　mediates　systemic　RNA　interference　in　ticks

1． Introduction

　　　　　　RNA　interfbrence　is　an　efficient　method　to　silence　gene　and　protein　expressions．

IrU曾ection　of　the　exogenous　dsRNAs　into　the　insect’s　hemocoel　can　provide　transient

㎞ockdown　of　the　target　endogenous　genes，　since　the　dsRNA　in　the　hemolymph　can

circulate　systemically　through　the　open　circulatory　system，　in　which　dsRNA　is　taken　up　by　a

cell　f卜om　the　environment（89）．　Long　dsRNAs　have　been　successfUlly　and　regularly　applied

in　ノ％θ〃z6㌍乃ツ3α1’8　10η9たor〃’5　（55）　and　other　tick　species　（e．9．，ノ望〃2∠）かo〃2〃2α，ノ詫ooセ3，

R乃ψ1c召ρ加1〃5，　and　Dσ刑ocθ班or　spp．）fbr　targeted　gene　knockdown　in　various　stages　of

tick　lifb，　with　evidence　of　systemic　RNAi　spread　into　subsequent　stages（14，61）．　In　our

laboratory，　we　have　con丘㎜ed　that　RNAi　can　be　a　power血l　tool飴r　gene　silencing　of　the

hard　tick，　H　loηgた07刀’∫，　by　the　irJection（55，6－8，49）and　soaking　methods（24）．　In　this
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chapter，　I　demonstrated　fbr　the　first　time　that　SRB　may　not　only　mediate　the　effbctive

㎞ock－down　of　gene　expression　by　RNAi　but　also　play　essential　roles　fbr　systemic　RNAi　of

ticks　by　using　ir噸ection　method．

2． Materials　anαmethods

2．1． Coη8〃〃c加刀（～プみ㎜oη4〃z／c70吻゜εc’1oη（ゾみ㎜碗ooぬ1読廊

　　　　　The　dsRNA　constnユction　ofH．10ηg’oo用∫5召78Rβ（Chapter－1），　H　loηg’corηノ5　H1㎏R

（7），and　H．10〃glco傭H1㎏一1（8）and且re刊y　1〃ψπα3ε（1〃c）as　a　control　was　per鉛㎜ed　as

described　previously（Chapter－1）．　The　dsRNAs　were　irU’ected　into　the　hemocoel　of　unfbd

飴male　ticks　as　described　by　Chapter－1．　The　1刀5R8－，乃ηレgR－，　H1㎏一1－，　and　1〃c　dsRNA－

ir噸ected　ticks　were　allowed　to　rest　at　25°C　and　90％humidity　regulated　in　an　incubator　fbr

96hours　to　complete㎞ock－down　of　these　genes（Chapter－1，7，8），　and　the　mortality　rate

was　then　checked　every　l　2　hou．rs．　Ninety－six　hours　af㌃er　the　first　irり巳ection，　three　ticks　were

collected丘om　the　incubator　in　order　to　con丘㎜gene－speci丘c　silencing　by　RT－PCR

（Chapter－1，7，8）．　The　remaining　dsR］NA－treated　ticks　were　subjected　to　a　second　irり’ection

of　dsRNAs．

　　　　　　Twelve　tick　groups　irU°ected　with　a　single　dsRNA　or　a　combination　of　dsRNA（s）are

as　shown　in　Table　2．　Each　tick　received　a　total　of　O．5μl　dsRNA　with　a　dif琵rent

concentration（fbr　single　dsRNA－injected　groups，1μg／tick；fbr　a　combination　of　dsRNA（s）一
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irJected　groups，1μg／gene　fbr　a　dose　equal　to　the　irjected　dsRNA　at　2μg／tick）．　The　ticks

irり゜ected　with　these　dsRNAs　were　in角sted　on　the　ear　of　rabbits　12　hours　af㌃er　the　first　or　the

second　dsRNA　i川曾ection．　Four　days　after　infbstation，　a　total　of　l　6　attached　ticks　were

removed　and　collected　ffom　rabbits　fbr　the　subsequent　experiments　including　fbur　ticks　fbr

RNA　extraction，　fbur　ticks　fbr　protein　lysate　preparation，　and　eight　ticks　fbr　tissue

collection．　The　remaining　ticks　were　allowed　to　fbed　until　engorgement．　To　assess　the

effbcts　of　RNAi　in　ticks　after　the　first　and　the　second　irU’ections，　we　measured　the　number　of

ticks　attached　on　a　rabbit　2　days　after　attachment，　the　engorged　body　weight　of　ticks　5－6

days　after　attachment，　the　mortality　rates，　fbcundities，　and　oocyte　development　of　engorged

ticks　20　days　after　engorgement，　and　the　hatching　rate　to　larvae　60　days　after　the　first

dsRNA　ir噸ections．

2．2． Co〃θc加ηqプ4〃乙アε初’1∬〃ε8（～プみ㎜一〃ηセc’εぬcん3

　　　　　　Partially　engorged　fbmale　ticks　4　days　post－infbstation　were　removed　f卜om　rabbits

and　dissected　out　fbr　the　subsequent　tissue　collection（21）．　Midguts　were　collected　ffom

ticks　ir遜ected　with　a　single　H157沼or　H1㎏一1　dsRNA　and　a　combination　ofH18Rβ／κ1㎏4，

召〃g－1、侃1㎏R，H1㎏一1，五η3R8，0r　H1レgR／E1㎏一1　dsRNAs，　ovaries　were　collected　fヒom

ticks　injected　with　a　single　H13Rβor　H1㎏：R　dsRNA　and　a　combination　of　H15RB在η㎏R，

H1㎏一1／乃η㎏R，　H1㎏R／研5Rβ，　or　H1㎏R／H1㎏一1　dsRNAs，　and　salivary　glands　and　the　fat

bodies　were　collected丘om　ticks　irjected　with　a　single　H15Rβor　1〃c　dsRNA　and　a

combination　ofH15RB伽c　or　1〃c侃15R8　dsRNAs．
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2．3． R8γθπ5・θ〃αη50rψ’α5erρoか〃2θ7615’8　C乃α加780C’∫0ηρ≧7L1）CRブ

　　　　　　Whole　bodies　and　dissected　tissues丘om色male　ticks　of　each　dsRNA－irU°ected　group

角dfbr　4　days　were　su切ected　to　total　RNA　extraction　using　a　TRIzol　reagent（Invitrogen，

CA，　USA）．　The　RT－PCR　analysis　was　perfbrmed　using　a　one－step　RNA　PCR　kit（Takara，

Otsu，　Japan）with　the　primer　sets　of　H15R8（Chapter－1），　H1㎏R（7），　and　1ソ1㎏一1（8）genes．

For　all　experiments，　control　amplification　was　carried　out　using　the　H　lo〃gたo朋∫5β一αc枷一

specific　primers（accession　no．　AY254898）．　The　PCR　products　were　su切ected　to

electrophoresis　in　a　15％agarose　gel　in　a　TAE　buffbr；the　DNA　was　visualized　by　ethidium

bromide　staining　and　analyzed　using　Quality　one　l－D　Analysis　sof㌃ware（Quantity　one

Version　45，　Bio－Rad　Laboratories，　Milan，　Italy）．

2．4． 1）πo’θ’ηε喝ρ泥∬10〃α17αか3’∫乙ワ〃セ5”θrηわ10”1η9

　　　　　　The　tick　proteins　fピom　the　lysates　of　whole　bodies　and　the　dissected　tissues（about

IOOO　ng／lane）ffom　fbmale　ticks　of　each　dsRNA－ir噸ected　group　fbd　fbr　4　days　were

separated　by　5－12％　SDS－polyacrylamide　gel　electrophoresis　and　transfbrred　to　a

polyvinylidene　difluoride　membrane（Millipore，　MA，　USA）。　The　membrane　was　blocked

with　5％skim　milk　in　PBS－T（137　mM　NaCl，2．7　mM　KCI，10　mM　Na2HPO4，1．8　mM

KH2PO4，0．05％Tween－20，　pH　7．4）and　then　incubated　with　l：100　dilution　of　anti－

recombinant　HlSRB（rHlSRB）（Chapter－1），1：250　dilution　of　anti－rHlVgR（7），　and　1：200

dilution　of　anti－rHIVg－1　mouse　sera（8）or　anti－actin　senlm（49）as　a　first　antibody．　After

the　incubation　ofperoxidase－corU°ugated　sheep　anti－mouse　IgG　as　a　second　antibody（1：2000

39



dilution；GE　Healthcare，　Little　Chalfbnt，　UK），　the　specific　protein　bands　were　detected

using　O．5　mg／ml　3，31－diaminobenzidine　tetrahydrochloride．

2．5． 1η4〃θα’〃〃2槻（海or65c例伽’ゐoの鮒μ引η

　　　　　　The　midguts，　ovaries，　salivary　glands，　and　fat　bodies　dissected　out　fヒom　fbmale　ticks

of　each　ds㎜A－injected　group色d　4　days　were　separately丘xed　with　4％para飴㎜aldehyde

in　PBS　including　O．1％glutaraldehyde　at　4°C　ovemight．　After　washing　with　a　sucrose

series　in　PBS　ovemight，　samples　were　embedded　in　Tissue－Tek　O．C．T．　Compound（Sakura

Finetek，　CA，　USA）and　ffozen　at－80°C．　Frozen　sections（12μm）were　cut　with　a　cryostat

（Leica　CM　l　850；Leica　Microsystems，　Wetzlar，　Ge㎜any）and　placed　on　micro－glass　slides

and　then　blocked　with　5％skim　milk　in　PBS　ovemight　at　4°C．　Sections　were　incubated　fbr

30minutes　at　37°C　with　a　l：100　dilution　of　an　anti－rHlSRB，　a　1：200　dilution　of　anti－rHIVg－

1，and　a　l：250　dilution　of　anti－rHIVgR　mouse　sera．　Afler　washing　three　times　with　PBS，

Alexa　488－or　Alexa　594－cor導ugated　goat　anti－mouse　immunoglobulin（1：1000；Invitrogen）

was　applied　as　a　second　antibody　at　37°C　fbr　l　hour．　After　washing　three　times　with　PBS，

samples　were　mounted　in　a　mounting　medium　with　DAPI　or　Propidium　Iodide（Vectashield；

Vector　Laboratories，　Burlingame，　CA，　USA）and　then　covered　with　a　cover　glass．　The

images　were　photographed　and　recorded　using　a　fluorescence　microscope（Olympus，

Tokyo，　Japan）．
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3． Results

3．1． ぬ㎜一〃2ε4’α忽98ηε5’1θηc’刀9（～プH18R8，H1㎏一1，0刀ゴ．H1㎏R

　　　　　　To　investigate　whether　H15Rβknockdown　has　an　effbct　on　RNAi　of　other

endogenous　genes　in　ticks，　we　selected　the　H1㎏・－1　and、研㎏R　genes．　H1㎏一1　was

transcribed　only　in　the　midgut（8），　and　the五11㎏R　gene，　only　in　the　ovary（7）．　It　was

previously　demonstrated　that　HlVg－1，0ne　of　the　tick　multiple　vitellogenins（Vgs），　is　a

crucial　yolk　protein　precursor　fbr　oocyte　development　in　ticks（8）and　that　HIVgR，　a

receptor　localized　on　the　surface　of　oocytes，　plays　a　critical　role　fbr　the　specific　binding

with　Vgs　and　the　resultant　Vgs　transfbr　fヒom　hemolymph　into　oocytes　via　receptor－mediated

endocytosis（7）．　In　this　study，　unfbd　fbmale　ticks　were　ir嚇ected　with　a　single　H18R8，

H1㎏R，　or　H1㎏一1　dsRNA　fbr　experimental　groups　as　well　as　1〃c　dsRNA　as　a　control（Table

2）．Ninety－six　hours　a負er　the負rst　irjection，　we　observed　apparent㎞ockdown　of　the

正175！RB，　H1㎏R，　and　H1㎏・－1　transcriptions　in　ticks　after　the　irり゜ection　of　respective　dsRNAs

by　RT－PCR（Fig．8A）．

　　　　　　The　mortality　of　ticks　after　dsRNA　injections　was　examined　every　12hours．　Forty－

eight　hours　after　irU曾ection，　a　slightly　mortality　was　fbund　in　ticks　of　all　groups（Fig．8B）．

Seventy－two　hours　af託er　injection，　the　mortality　rate　of　ticks　irU°ected　with　the　1〃c　dsRNA

was　lO．0％，　while　those　of　the　H15Rβ一，　H1㎏R－，　and　H1㎏一／dsRNA－irOected　tick　groups

were　significantly　higher，14．4％，20．0％，　and　l　5．5％，　respectively．　Ninety－six　hours　af㌃er

irU°ection，　the　mortality　rate　of　the　1〃c　dsRNA－irり’ected　ticks　was　22．2％，　while　those　of　the

H15Rβ一，　H1㎏R－，　and五17㎏一1　dsRNA－i切ected　groups　were　significantly　higher，44．4％，
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58．5％，and　62．2％，　respectively，　Four　days　after　the　first　dsRNA　irJections，　the　live　ticks

were　ir噸ected　with　second　dsRNAs．

3．2．　　Gε〃θ∫118ηc1ηg（～プH18Rβ，　H1㎏R，αη61　H1㎏一1∫ηw乃018わ04’85ρプノ乙〃201θ’∫cん3

’ηノ8c∫θ4、〃〃肋5’〃91θ∂b1～醐oグαco〃2伽α”oηqプ4∫R謝ω

　　　　　RT－PCR　and　Westem　blot　analysis　were　perfb㎜ed　to　elucidate　the　gene

transcription　and　protein　translation　of　HISRB，　HlVgR，　and　HIVg－l　in　whole　bodies　of

飴male　ticks　irjected　with　a　single　ds照A　or　a　combination　of　dsRNA（s）（Table　2）．　As

shown　in　Fig．9A　and　B，　theβ一actin　gene　and　protein　levels　did　not　change　in　all　dsRNA－

irjected　groups．　A　clear　mRNA　and　protein㎞ock－down　ofHISRB，　HIVgR，　or　HIVg－1　was

observed　in　ticks　irOected　with　a　single　dsRNA　of　H15Rβ，　H1㎏R，　or　H1㎏一1（Fig．9A　and

B）．　In　ticks　irU°ected　with　a　combination　of　H13RB／κ1㎏R，　H15Rβ／匠η㎏一1，　H15Rβ伽o，

H1㎏R侃1訳β，　H1㎏一1侃18Rβ，　or　1〃cが115RβdsRNAs，　apparent　mRNA　and　protein㎞ock－

down　of　HISRIB　was　attained　in　all　groups　regardless　of　whether　H18RβdsRNA　was　used

fbr　the　first　or　second　irり’ection（Fig．9A　and　B）．　In　ticks　ir類ected　with　a　combination　of

H1㎏一1、侃1㎏R，　or刀1㎏R侃1㎏一1　dsRNAs，　clear　double㎞ockdown　of　endogenous　H1㎏一1

and　H1㎏R　genes　was　observed　in　both　groups（Fig．9A　and　B）．　Similar　double　gene

knockdown　was　detected　in　ticks　irJected　with　a　combination　of　H1㎏R侃15R80r　H1㎏一

1／亙15RβdsRNAs（Fig．9A　and　B）．　However，　in　ticks　irjected　with　H15沢βdsRNA　fbllowed

96hours　later　with　H1㎏一10r　H1㎏R　dsRNAs，　no㎞ockdown　of　H1㎏R　and　H1㎏一1　was

achieved，　although　clear　gene　silencing　ofH73Rβwas　attained，　as　described　above（Fig　gA
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and　B），　suggesting　that　RNAi　mediated　by　the　second　H1配gR　or　H1㎏一1　dsRNA　irjection

was　inhibited　by　the丘rst　gene㎞ockdown　ofH15Rβ。

3．3．〃2RMα〃ゆro’εノηんηocん一40wηφH15RB，　H1㎏一1，αη4　H1㎏R加4〃診r6昭∫∬〃83（ゾ

ノ2～〃zo1（～’1cん5・ノη1°（～c1801　w〃乃o、∫〃291（～o斡1～八乙40Fαco〃2わ1刀α’10〃（ゾ4∫R／Vン16ジ

　　　　　RT－PCR　and　Western　blot　analysis　were　perfbrmed　to　elucidate　whether　the　mRNA

and　protein　level　in　major　intemal　organs，　such　as　midguts，　ovaries，　salivary　glands，　and　fat

bodies，　of艶male　ticks　attained　single　or　double　gene㎞ockdown　a倉er　various　dsRNA

injections（Fig．10）．　As　a　result，　mRNA　and　protein㎞ock－down　of　HISRB，　HlVg－1，　and

HIVgR　in　the　individual　organs　showed　the　same　pattem　of　single　or　double　gene

knockdown　as　that　observed　using　the　whole　bodies　of　fbmale　ticks（Fig．9）．

　　　　　In　the　midguts（Fig．10A　and　B），　apparent　silencing　of　H15Rβwas　observed　after

dsR］NFA　irU’ections　with　H18R8，　H13Rβ／研㎏一1，0r　H1㎏一1ノ侃15Rβ．　Similar　evident

㎞ockdown　of∫11㎏一1　was　detected　a丘er　ds㎜A　irσections　with　H1㎏一1，　H1㎏一1認1㎏R，

H1㎏一1、侃1訳β，　or　H1㎏R、侃1㎏一1．　Double　gene㎞ockdown　with　H1㎏一1侃15Rβi珂゜ection

and　the魚ilure　to㎞ock－down　H1㎏一1　with　H13Rβ、侃1㎏一1　injection　were　also　pronounced

in　the　midguts．

　　　　　In　the　ovaries（Fig．10C　and　D），　silencing　of　H157～βwas　observed　after　dsRNA

珂ections　with　H18R、8，　H157ヒβ／θ1㎏R，　or　H1㎏R／H15Rβ．　Knockdown　of　H1㎏R　was

detected　after　dsRNA　irj　ections　with　H1㎏R，　H1㎏一1／侃1㎏R，　H1㎏R／π15ソ～β，　or

H1㎏㎜㎏一1．　Double　gene㎞ockdown　with　H1㎏R／H15Rβi川゜ection　and　the血ilure　to

㎞ock－down　H1㎏R　with　H15Rβ侃1㎏R　il噸ection　were　demonstrated．
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　　　　　　In　the　salivary　glands　and魚t　bodies，　mRNA　and　protein㎞ock－down　of　HISRB　was

observed　after　dsRNA　irJ　ections　with　H15Rβ，正1157昭／1〃c，　and　1㍑c／匠η5Rβ，　while　mRNA　and

protein　expression　of　HlSRB　was　observed　after　a　single　dsRNA　irjection　of　1〃o（Fig．10E，

F，G，　and　H）．

3．4． 1〃1〃2μηψ〃OF85c翻5’α1〃1η9ψ加〃z’49鳩，　ovαr1θ3，3α1’v・1ッ910酪，αηげμわ04185

　　　　　　An　immunohistochemical　examination　using　an　indirect　fluorescent　antibody　test

（IFAT）was　conducted　to　illustrate　the　localization　of　the　endogenous　protein　in　the

midguts，　ovaries，　salivary　glands，　and　fat　bodies　of　fbmale　ticks　that　exhibited　single　or

double　gene　knockdown　after　the　various　dsRNA　irjections（Fig．　l　l）．

　　　　　As　shown　in　Fig。　l　lA，　no　localization　of　HlSRB　protein　in　midguts　was　observed

af㌃er　dsRNA　irU’ections　with　H13R8，　H15R8侃1㎏一1，0r孟17㎏一1／κ13R8（panel　a，　c，　and　e）．

Similarly，　no　localization　of　HIVg－1　in　midguts　was　observed　after　dsRNA　irU°ections　with

H1㎏一1，　H1㎏一1／研㎏R，　H1㎏一1／κ13Rβ，　or　H1㎏R／猷1㎏一1（panel　h，　j，　k，　and　l）．　Neither

HIVg－1　nor　HISRB　protein　localized　in　the　midguts　of　ticks　exhibited　double　gene

㎞ockdown　by　an　i川゜ection　of　a　combination　of　H1㎏一1、侃18RβdsRNAs（panel　e　and　k）．

No㎜al　localization　of　the　HIVg－l　protein　in　midguts，　attributed　to　theねilure　to　knock－

down　H1㎏一／in　H1訳β侃1㎏一1　injection，　was　also　con行㎜ed　by　IFAT（panel　i）．

　　　　　In　the　ovaries，　no　localization　of　the　native　HISRB　protein　was　observed　after　dsRNA

irり゜ections　with　H15Rβ，　H13R8／κ1㎏R，　or　H1㎏R／κ15Rβ（Fig．　l　lB，　panel　a，　c，　and　e）．　No

expression　of　HlVgR　in　ovaries　was　detected　after　dsRNA　irOections　with　H1㎏R，　H1㎏一

1／研㎏R，H1㎏R・侃18Rβ，　or　H1㎏R侃1㎏一1（Fig．　l　lB，　panel　h，　j，　k，　and　l）．　Neither　HIVgR
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nor　HISRB　proteins　localized　in　the　ovaries　of　ticks　exhibited　double　gene㎞ock－down　by

an　irOection　of　a　combination　of刀1㎏R／7113RβdsRNAs（panel　e　and　k）．　The　localization　of

HIVgR　expressed　in　ovaries，　thought　to　result丘om　the飴ilure　to㎞ock－down　H1μgR　with

Z175Rβ／π1㎏R　irU’ection，　was　also　observed　by　IFAT（panel　i）．

　　　　　　In　the　salivary　glands　and　fat　bodies，　no　localization　of　native　HISRIB　protein　was

detected　af㌃er　dsRNA　ir噸ections　with　H13Rβ，召75沢β〃〃c，　and　1〃c／んr18Rβ（Fig．11C　and　D，

panels　a，　c，　and　d），　while　HISRB　localization　was　observed　after　a　single　dsRNA　ir噸ection

of1πc（Fig．11Cand　D，　panels　b）．

3．5．　　Eηgo798〃2εη乙〃20πα1めノαη01プとcz4η読り2　qプノ～ヲ〃2α1ε’た1捨吻ノ8c’θ01　w∫漉α、∫加9164∫R八石｝4

0川co〃2わ1〃α’∫o〃（～ブH15R8，　H1㎏R，召1㎏一1，αη41πc　4∫㎜6ジ

　　　　　　Table　3　shows　the　phenotypic　changes　of　adult　fbmale　ticks　irJected　with　1／13R．8，

H〃gl　R，　and－Hル宮一1　dsRNA　individually　or　in　combination　as　well　as　1〃o　dsRNA　as　a

control（Table　2）．

　　　　　There　were　no　diffbrences　in　the　groups　in　the　number　of　ticks　attached　on　a　rabbit　24

hours　after　infbstation（Table　3）．　The　engorged　body　weight　of　ticks　irU°ected　with　a　single

dsRNA　or　a　combination　of　1り15R8，」り巫gR，　H1㎏一1，　H18Rβ侃1㎏R，　H15Rβ／Z11㎏一1，

五175Rβ〃〃c，孟17㎏R／H15沢B，1〃c侃13RβdsRNA（s）were　significantly　lower　than　those　of　ticks

irU°ected　with　a　single　1〃c　dsRNA　as　a　control（Table　3）．　It　was　evident　that　the　engorged

body　weights　of111㎏一1㎞ockdowned　ticks　was　conspicuously　lower（Table　3）．

　　　　　The　mortality　rates　20　days　after　engorgement　in　ticks　irU°ected　with　a　combination　of

五17㎏一1／砿1㎏R，正17㎏R／刀13Rβ，117㎏一1∠κ15Rβand孟η㎏R／Z17㎏一1　dsRNAs，　in　which　a

45



double㎞ockdown　of　targeted　two　genes　was　achieved（Fig．9），　were　signi且cantly　higher，

86．4％，60．5％，71．0％，and　91．8％，　respectively（Table　3）．　Most　of　the　ticks　fヒom　these

groups　died　l　8　hours　af㌃er　engorgement，　and　very　fbw　died　within　5　days　of　engorgement．

Mortality　rates　of　75％，5．0％，　and　27．5％were　observed　in　ticks　irU°ected　with　a　single

dsRNA　of　H13Rβ，　H1㎏R，　and　H1㎏一1（Table　2）．　Similar　lower　mortality　rates　of　7．5％，

5．0％，27．5％，7．8％，7．6％，7．6％，and　7．8％were　fbund　in　ticks　irU畳ected　with　a　single

H13Rβ，　H1㎏R，　and研㎏一1　dsRNA，　respectively，　or　a　combination　of　H15！Rβ／匠η㎏R，

H13Rβノ侃1㎏一1，　H1＆RB／7〃c，　and　1〃o／研8R8　dsRNAs，　respectively（Table　3）．　These　low

mortality　rates　were　observed　in　tick　groups　in　which　only　a　single㎞ockdown　of　targeted

genes　was　obtained（Fig。9）．　No　mortality　was　fbund　in　ticks　i切ected　with　control　1〃c

dsRNA．

　　　　　The　fecundity　of　fbmale　ticks　was　estimated　fピom　the　ratio　of　egg　weight　to　engorged

body　weight．　The　ticks　did　not　lay　eggs　in　tick　groups　irJected　with　a　combination　ofH1㎏一

1∠ぼ1㎏R，H1㎏R／砿15！Rβ，117レg－1侃13RB，　and　H1㎏R／κ1㎏一1　dsRNAs，　in　which　double

㎞ockdown　of　targeted　two　genes　was　achieved，　because　the　ticks　could　not　achieve

oviposition（Table　3）．　However，　no㎜al色cundi呼ratios　were　observed　in　tick　groups　with

single　gene㎞ockdown，　as　described　above（Table　3）．　The　lower飴cundity　observed　in

ticks　irJected　with　a　single　H1㎏・－1　dsRNA（Table　3）was　attributed　to　the　cnlcial

involvement　ofVgs　in　oocyte　development　in　the　ovaries．

　　　　　　The　hatching　rates　ffom　eggs　to　larvae　were　also　examined　at　25°C　in　an　incubator

fbr　60　days（Table　3）．　All　eggs　ffom　ticks　irU°ected　with　a　single　dsRNA　of　1〃c　succeeded　in

hatching　to　larvae（Table　3）．　In　tick　groups　irjected　with　a　single　dsRNA　of　H15Rβand　a
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combination　of　H18Rβ侃1㎏R，　H1∫R8、侃〃g－1，　H15R8〃〃c，　and　1〃o、侃15RβdsR］NAs，　in

which　single㎞ockdown　of　H13R8　was　achieved（Fig．9），　ca．80％of　hatching　rates　were

observed（Table　3）．　The　hatching　rates　of　eggs　laid　by　ticks　showing　single　gene

㎞ockdown　ofH1㎏R　or　H1㎏一1　a丘er　a　respective　dsRNA　irjection　were　evidently　low，　and

eggs　f卜om　the　HIVgR　dsRNA－irU’ected　ticks　died　without　hatching（Table　3）．

1）iscussion

　　　　　There　are　at　least　two　pathways　fbr　exogenous　dsRNA　uptake　in　insects，　such　as　the

transmembrane　channel　protein－mediated　and　the　endocytosis－mediated　mechanisms（34）．

In　the　latter　endocytosis－mediated　dsR］NA　uptake　mechanism，　the　participation　of　SRs，

㎞own　to　be　a　key　component　of　endocytosis（75），　in　dsRNA　uptake　was　previously

suggested　in　Z　cα5’αηθ〃刑（86）and　D．吻81αηogα∫∫8アinsects（87）．　However，　it　was

un㎞own　if　SRs　could　have　an　important　role　in　the　dsRNA－mediated　RNAi　of　ticks．　To

elucidate　the　role　of　SRs　in　dsRNA　uptake　in　ticks，　we　used　dsRNA　of　H18RB，　the　class　B

scavenger　receptor　of　H　loηg’co7η’5　ticks（Chapter－1）．　In　the　current　study，　dsRNA　of

H13Rβwas　irり゜ected　into　fbmale　ticks　individually　or　in　combination　with　diffbrent

exogenous　dsRNAs　of　ticks，　namely　H1㎏一1，　a　yolk　protein　precursor　expressed　only　at　the

midgut　of　H．10〃gloo用’5（8），　and　H1㎏R，　a　receptor　localized　only　in　the　oocyte　surface　of

Hlo〃g’corη’5（7），　as　well　as　firefly　1〃c舵アα5θ（1〃c）as　a　control（Chapter－1）．
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　　　　　　As　shown　in　Fig．8A，　the　individual　gene　expression　of　the正178RB，　H1㎏R，　and

召7㎏一1was　clearly　inhibited　in　ticks　96　hours　after　a　single　dsRNA　irり゜ection，　indicating

that　mRNA㎞ock－down　had　been　successfUlly　attained　in　H．10ηglco7廊ticks　within　96

hours　of　the　exogenous　dsRNA　irjection．　We　fbund　higher　mortalities，倉om　44．4％to

62．2％in　ticks　96　hours　after　a　single　dsRNA　irJection　with　H15Rβ，　H1㎏R，　or　H1㎏一1（Fig．

8B），　while　the　mortality　of　control　ticks　irjected　with　a　1〃c　dsRNA　was　22．2％，　which　is　not

negligible．　This　result　suggests　that　increased　mortality　in　ticks　irU°ected　with　dsRNAs　has

been　substantially　attributed　to　the㎞ockdown　of　targeted　genes　but　partially　associated

with　the　possible　extemal　ir噸uries，　offtarget　ef飴cts　associated　with　long　dsRNA　in　RINAi

screens，　and　fUnctional　impai㎜ents　caused　by　microi町゜ections　in　recipient　ticks．

　　　　　As　shown　in　Fig．9A　and　B，　in　the　whole　bodies　of　ticks　irOected　with　a　combination

of　H1㎏一1侃1㎏R　or　H1㎏1観1㎏一1　dsRNAs，　a　clear　and　systemic　double㎞ockdown　of

endogenous　H1㎏・－1　and　H1㎏R　genes　was　attained　in　both　tick　groups．　Similar　systemic

double　gene㎞ockdown　of　targeted　genes　was　observed　in　ticks　i句’ected　with　a

combination　of111㎏㎜5R80r　H1㎏一1、侃Z5児8　dsRNAs．　However，　in　the　whole　bodies　of

ticks　irU’ected　with　a　combination　of　H13Rβ／厚1㎏R　or　H18RB、侃1㎏一1　dsRNAs，　no

㎞ockdown　of刀1㎏R　and　l砿1㎏一1　was　achieved，　although　clear　systemic　gene　silencing　of

H18Rβwas　attained．　These　results　suggest　that　systemic　RNAi　mediated　by　the　second

H1㎏R　or　H1㎏一1　dsRNA　irU°ection　was　dramatically　inhibited　by　the　first　systemic　gene

knockdown　of　H13R8．　No　conclusion　can　yet　be　drawn，　but　it　is　speculated　that　SID－1，

SRs，　vacuolar　H＋ATPase，　RDS－3，　and　RdRp　could　be　possible　components　of　the　dsRNA

uptake　mechanism　in　several　insects（34）．　With　regard　to　SRs，　two　scavenger　receptors　of

48



D．〃2θ1αηogα5’8ア，　SR－CI　and　Eater，　account　fbr　more　than　90％of　dsRNA　uptake　by　S2　cells

（87）．Our　results　clearly　indicate　that　HISRI3，　class　B　scavenger　receptor　of　H　loηgたoFη15

ticks　is　essential　fbr　systemic　RNAi／ef色ctive㎞ock－down　of　gene　expression　by　RNAi．

　　　　　　Boldbaatar　et　al．（7，8）demonstrated　that　the　transcription　and　translation　of　HIVg－l

are　midgut－specific　and　those　of　HIVgR　are　ovary　oocyte－specific．　In　the　current　study，　we

examined　the　expression　and　localization　of　HIVg－1　in　midguts　and　HIVgR　in　ovaries　of

免male　ticks　showing　a　single　or　double　systemic　RNAi．　The　localization　of　HlSRB　was

also　examined　in　midguts，　ovaries，　salivary　glands，　and魚t　bodies．　As　a　result，　no㎜al

expression　ofthe　gene　and　protein　of　HIVg－1　in　midguts　and　HIVgR　in　ovaries　were　clearly

shown　in　fbmale　ticks　with　a　systemic　RINAi　ofH18RB（Figs．10and　l　1）．

　　　　　Systemic　RNAi　can　only　take　place　in　multicellular　organisms　because　it　includes

processes　in　which　a　silencing　signal　is　transported　fヒom　one　cell　to　another　or　fピom　one

tissue　type　to　another（34）．　In　multicellular　organisms，　such　as　ticks，　the　H1レ吾一10r　H1㎏R

ds剛A　intemalized　through　irU’ection　into　hemocoel　must　be　taken　up　f卜om　the　hemolymph

to　the　midgut　cells　or　ovary　oocytes　in　order　to　silence　the　target　genes．　We　conclude　that

the　dysfhnction　of　receptor－mediated　endocytosis　was　introduced　in　ticks　by　the　systemic

RNAi　ofH15RB，　resulting　in　the　uptake　abrogation　ofH〃g－10r　H1㎏R　dsRNA　in　midguts

or　ovaries　and　leading　to　no㎜al　protein　expression．

　　　　　Most　of　our　understanding　of　tick　RNAi　is　mediated　systemic　delivering　of　RNAi

ef艶ct　and　the　literature　demonstrated　that　a　systemic　RNAi　silencing　mechanism　is　active　in

ticks（6－8，24，49，55，61）．　Results　obtained　in　this　study　might　explain　that　the　SR－

mediated　dsRNA　uptake　mechanism　is　evolutionarily　conserved　in　ticks　and　plays　a　cnlcial
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role　in　controlling　the　induction　of　systemic　gene　silencing　in　ticks．　However，　other　factors，

such　as　proteins　of　the　vesicle－mediated　transport，　conserved　oligomeric　Golgi　complex

血mily，　cytoskeleton　organization　and　protein　transport　are　directly　and／or　indirectly

involved　in　endocytosis　and㎞own　to　play　roles　in　ds剛A　uptake　and　processing（78）．

Further　studies　are　needed　to　examine　these　factors　in　H．10〃glco朋1∫．　These　results　may

contribute　to　the　development　of　a　control　strategy　fbr　ticks　and　pathogen　transmission．

　　　　　The　overall　results　presented　in　this　study　show　that　dsRNAs　of　H15沢β，　H1㎏一1，　and

H1㎏R　introduced　into　ticks　individually　or　in　combination　resulted　in　diffbrent　but

significant　phenotypic　changes　in　them（Table　2）．　These　phenotypes　in　engorgement，

mortality，　fbcundity，　and　oocyte　development　of　ticks　were　comparable　with　those　in

previous　characterization（7，8，　Chapter－1）and　were　more　prominent　in　ticks　indicating

double　knockdown　of　H1㎏一1／κ1㎏R，　H1㎏躍H15Rβ，　or　H1㎏一1／厚15RB　genes　than　in　those

with　single　gene㎞ockdown　of　H18Rβ，　H1㎏一1，0r　H1㎏R（Table　2），　suggesting　that

systemic　and　speci且c　double㎞ockdown　of　target　genes　had　been　simultaneously　a廿ained

in　these　ticks．　This　successfUl　double　gene㎞ockdown　might　show　promising　application

possibilities　fbr　combinational　RNAi　in　the　practical　control　measures　of　ticks　and　tick－

bome　diseases．

　　　　　In　summary，　research　in　recent　years　has　given　new　insights　into　the　dsRNA　uptake

mechanism　in　the　gene　silencing　of　insects．　However，　the　role　of　dsRNA　uptake　in　ticks

remains　to　be　proven．　I　demonstrated　fbr　the　first　time　in　the　current　study，　using　H15R8，　a

class　B　scavenger　receptor　CD360f　E．10刀g∫oor廊，　that　sRB　mediates　the　ef色ctive㎞ock－

down　of　gene　expression　by　RNAi　and　plays　essential　roles　fbr　the　systemic　RNAi　ofticks．
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Fig．8．　　　Gene　SilenCing　and　mOrt訊lity　rate　Of」肱10ηg’60アη’596　hOUrS　after　a　Single

dsRNA　injection

　　　　　dsR］NA　complementary　to　H18RB，　H〃gR，　and　H1㎏一1　was　irjected　into　H．10ηg’60アη’5

adult　fbmales．　The　injected　ticks　were　allowed　to　rest　at　25°C　in　an　incubator　fbr　fbur　days　to

check　mo賃ality　rates　and　gene　silencing．　RT－PCR　analysis（A）．　PCR　was　perfb㎜ed　using

cDNA　synthesized　ffom　three　ticks　i切ected　with　H13児8，　H1㎏R，　H1㎏一1，0r　1〃o　dsRNA　with

primer　sets　specific　to　H157～β，」厚1㎏R，　H1㎏一1，　and　theβ一αc伽gene．　Lane　l，　H13R8　dsRNA－

irU°ected　ticks；lanes　2，4，　and　6，1〃c　dsRNA－irOected　ticks；lane　3，　H1㎏R　dsRNA－irU°ected　ticks；

lane　5，　H1㎏一1　dsRNA－irり゜ected　ticks．　Mortality　rates（B）．　Each　panel　represents　treatment　with

one　gene－speci負c　dsRNA．　Mortality　rates　were　calculated　by　the　percentage　of　number　of　dead

ticks　to　the　number　of　ticks　used　at　the　beginning　of　experiment　in　a　diffbrent　time　course．

H18R8，　H13RβdsRNA－irJected　ticks；1り7㎏R，　H1㎏R　dsRNA－irjected　ticks；H1㎏一1，　H1㎏一1

dsRNA－irU’ected　ticks；1πc旋πα5θ，1〃c雄rα5θdsRNA－injected　ticks．
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Fig．9．　　　Silencing　of　HlSRB，　H匿VgR，紐nd　HIVg－1　genes　and　proteins　in　the　who置e

body　of・κ’o〃8’cor〃’5

　　　　Illdividually　or　ill　combillat｛on　of〃78Rβ，〃1㎏ノ～，〃1㎏一／，　alld　lzκdsRNA（s）were

ir日ected　illto　H．10’？g1ω〃1～3　adult　ticks．　The　i切ected　ticks　were　lefUbr　l2　hours　at　25°C　and

illfbsted　on　the　rabbits　fbr　fbur　days　and　thell　ticks　samples　were　collected　fbr　RNA　extraction

and　the　preparation　of　ticks　proteill　lysεltes　in　each　group．　The　name　of　each　dsRNA　group　is

illdicated　above．　RT－PCR　allalysis（A）．　RT－PCR　analysis　was　perfbrmed　as　showll　in　Fig．8．

（A）．Westem　blot　analysis（B）．　Tick　lysates　were　subjected　to　SDS－PAGE　under　reducing

conditiolls　alld　trallsfbrred　to　a　PVDF　membrane．　The　membrane　was　probed　with　mouse　allti－

rHISRB，　allti－rHIVgR，　or　anti－rH　IVg－l　sera；moしlse　anti－actin　serurn　was　used　as　a　colltroL　The

nalne　ofeach　dsRNA　gro叩is　the　same　as　that　used　ill　Fig．8．
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Fig．10．　　　Expression　profiles　of　HISRB，　HIVg－1，　and　HIVgR　genes　and　proteins　in

different　tissues　of」鼠10〃9’co7〃’∫

　　　　　　Individually　or　in　combination　of　H13R8，　H1㎏一1，　H1㎏R，　and　1〃c　dsRNA（s）were

irjected　into　H．10〃gたoπ〃’8　adult　ticks．　The　midguts　and　ovaries　of　dsRNA－irU°ected　ticks　at　4

days　of　fbeding　were　dissected　out　in　O．1％diethylpyrocarbonate－treated　1×PBS（一）under　a

microscope．　The　name　of　each　dsRNA　group　is　indicated　above．　RT－PCR　analysis　and　Westem

blot　analysis　were　conducted　using　the　midguts（A　and　B），　ovaries（C　and　D），　salivary　glands（E

and　F），　and　fat　body（G　and　H），　respectively．
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Fig．11．　　　Con血rmation　of　RNAi　on　the　endogenous　HISRB，　HIVg－1，　and　HIVgR　in　the

different　tissues　of且10π8’co7π’5

　　　　　　The　dissected　tissues　fヒom　the　dsR］NA－irU’ected　4－days－fbeding　ticks　were　observed　under

Huorescence　microscopy．　The　name　of　each　dsRNA　group　is　indicated　above．　The　midguts

were　stained　with　anti－rHlSRB　and　anti－rHlVg－1　antibodies　fbllowed　by　Alexa　488－cor巾gated

mouse　anti－lgG　with　DAPI（A）．　Arrowheads　indicate　the　native　HISRB　and　HIVg－1　expressed

in　the　midguts．　ML，　midgut　lumen；MC，　midgut　cells．　The　ovaries，　staining　pattem　of　anti－

rHISRB　and　anti－rHIVgR　serum　were　used　as　first　antibodies（B）．　The　mouse　anti－lgG

conjugated　with　Alexa　488　was　used　as　a　second　antibody　with　DAPI　fbr　the　left　panels　and

Alexa　594　with　Propidium　Iodide　fbr　the　right　panels．　Arrowheads　indicate　the　native　HlSRB

and　HlVgR　expressed　in　the　ovaries．00，00cyte；OD，　oviduct．　The　salivary　glands（C）and　fat

body（D）tissues　were　stained　with　anti－rHISRB　antibodies　fbllowed　by　Alexa　488－corU°ugated

mouse　anti－lgG．　Arrowheads　indicate　the　native　HISRIB　expressed　in　the　tissues　of　salivary

glands　and　fat　body　tissues．　SL，　salivary　gland　lumen；SGG，　salivary　gland　granular　acini；FB，

ねtbody；TR．，　trachea．　The　5cα1帥απepresents　20μm．
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T3ble　2　　Female　tick　groups　injecteαwith　a　single　and　a　combination

of　dsRNA（s）

Tick　groups
dsRNA　used　fbr　the

first　injection

dsRNA　used　fbr　the

second　injection

HZ8Rβ

H1㎏R

研㎏4

H13R．8認1㎏R

E1皿8侃1㎏一1

乃r13RZヲ／1〃C

π1㎏一1佃㎏R

H1㎏鮒13Rβ

召1㎏一1昭z5RB

1〃o∠κz5Rβ

刀1㎏R∠短1㎏一1

1〃c

HZ認

H1㎏R

H1㎏一1

H15R．8

1ヲ7㎜

〃73ノ～、8

H1㎏一1

H1㎏R

H1㎏一1

1〃c

π1㎏R

1〃c

H1㎏R

H1㎏4

1〃c

Hl㎏R

∫f13RB

1孤畑

H13Rβ

H1㎏一1

The　first　and　second　dsRNA　injections　were　carried　out　at　96－hours　interval．
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Table　3　　Phenotypic　changes　of　ticks　injected　with　a　single　or　a

combination　ofαiffbrent　dsRNA（s）

dsRNA　groups

Number　of
ticks　attached

24h　after
infbstationa

Average　engorged
body　weight（mg）b

Mortality

rate（％）C

Egg　weight／

body　weight
（％）b

Hatching
・ate（％）d

刀73Rβ

研㎏R

E1㎏一1

1z1叙β／θ7㎏R

紐3R8卿㎏一1

H15沢、8〃鷹

刀1㎏一1・賀1FgR

召1㎏R例3RB

刀1π9－1・魏3Rβ

1㍑c／κ13Rβ

研79㎜㎏一1

1〃c

40

40

40

38

39

39

37

38

38

38

37

40

　　　　　　　　　＊142．10圭30．30

　　　　　　　　　＊172．18土19．92

　　　　　　　　＊81．56土18．16

　　　　　　　　　＊143．61土14．38

　　　　　　　　　＊
14157±45．39

　　　　　　　　　＊142．81土17．12

　　　　　　　　＊76．91±2437

　　　　　　　　　＊
150．29土ll．32

　　　　　　　　＊85．81土64．14

　　　　　　　　　＊143．15土32．63

　　　　　　　　＊98．45±68．28

245．75土37．35

7．5

5

27．5

7．8

7．6

7．6

86．4

60．5

71

7，8

91．8

0

　　　　　　　　＊＊41．95：』11．25

　　　　　　　　＊＊
11．62土12．41

　　　　　　　＊＊
8．16土30．45

　　　　　　　　＊＊
41．25土15．08

　　　　　　　　＊＊42．10±16．32

　　　　　　　　＊＊
41．75土ll．21

0

0

0

　　　　　　　　＊＊42．87土24．13

0

50．70土21．31

83．7

0

13．7

82．8

83．3

83．3

0

0

0

82．8

0

100

aSixteen　ticks　were　collected　from　the　host　fbr　the　subsequent　experiments　at　4　days　after

attachment．

bThese　ratios　show　the　fbcundity　ofengorged　fbmales．　Values　are　the　means　of土SD．

cThese　mortality　rates　show　the　percentages　ofnumber　of　dead　ticks　20　days　after　drop－off　to

the　total　number　of　engorged　ticks　per　treatment．
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dHatchings　ffom　eggs　to　larvae　were　examined　at　25°C　in　an　incubator　fbr　60　days．

＊

P〈0．05，1〃cdsRNA－ir導ected　group　vs．　H13RB－，召7㎏R－，五17レ宮一1－，　H18RB／κ1㎏R－，

H13R8・侃1㎏一1－，H13R．8〃〃c－，H1㎏一1・侃1㎏R－，H1㎏R／H13R8－，H1㎏一1・侃15Rβ一，1〃c侃13R8－，

and　HlU凶Z11㎏一1　dsRNA－irJ　ected　groups．

＊＊

1）＜0．05，1〃c　dsRNA－irU　ected　group　vs．　H15R8－，　H1㎏R－，　H1㎏一1－，五178Rβ、侃1臥gR－，

H13R8／κ1㎏一1－，1∫13Rβ〃〃c－，　and　1㍑o／んη5沢B　dsRNA－irjected　groups．
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Chapter　3

HISRB，　a　class　B　scavenger　receptor，　is　key　to　the　granulocyte－meαi紐ted

　　　　　　　　　　　　　　　　　　　　microbi訊l　ph紐gocytosis　in　ticks

1． Introduction

9

　　　　　　Phagocytosis　refbrs　to　the　recognition，　engulfhlent，　and　intracellular　destruction　of

invading　pathogens　and　apoptotic　cells　by　individual　hemocytes（47）．　In　arthropods，　such

as　insects（50）and　ticks（35，82），　phagocytosis　is　achieved　mainly　by　the　circulating

plasmatocytes　and／or　granulocytes，　in　the　hemolymph．　The　SRB，　the　cell　surface

glycoprotein，　is　present　on　a　variety　of　cell　types，　including　insect　hemocytes（48，60）．

Recent　findings　provide　evidence　fbr　the　essential　role　of　SRB　as　a　pattem－recognition

receptor　mediating　i㎜ate　immune　responses　of　the　mammalian（83）and　insect　hosts（50）to

arange　of　exogenous　pathogens．　In　this　chapter，　I　show　that　HISRB　is　the　first　scavenger

receptor　molecule　contributed　to　hemocyte－mediated　phagocytosis　against　exogenous
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bacteria，　isolated　and　characterized丘om　hematophagous　arthropods．

2． M紐terials　and　methoαs

2．1．　　Pア印o〆α”o〃qプz4η1乙01ピσアン，」ραπ’01かプセ010P乃，α〃4　H15RBみ1～ハ乙4－’勿’εc’aノノセ〃2α1θ

β～1＞∠’一”c妙ノcん80ηゴ駕’c70吻゜8c’加ρブE．　co1∫’η’o伽∫ε∫∫cん9πoμρ3

　　　　　　Three　groups　of　ticks，　i．e．，　unfbd　fbmale（UF）270　ticks，　partially　fbd　fbmale（PF）

270ticks，　and　H15RβdsRNA－i切ected　fbmale（RNAi－tick）270　ticks，　were　used　in　this

experiment．　UF　ticks　were　maintained　at　l　5°C　in　an　incubator．　To　obtain　PF　ticks，　UF

ticks　were　fbd　on　Japanese　white　rabbits，　and，3days　after　attachment，　ticks　were　collected

as　PF　ticks．　For　RNAi－ticks，　the　H18RβdsRNA　was　ir噸ected　into　UF　ticks（total　O．5μ1；1

μg／tick）．　The　dsRNA　irU’ection　was　fbllowed　as　described　previously（Chapter－1）．　The　UF，

PF，　and　RNAi－ticks　were　left　at　25°C　in　an　incubator　fbr　subsequent　experiments．　The

irJection　of　heat－killed　E．　co1∫（72°C　fbr　l．5　mins），－E．　co1∫，　or　H18R．βdsRNA　into　ticks　and

constmction　of耀3RβdsRNA　were　perb㎜ed　as　described　previously（Chapter－1）．

　　　　　　An．E．　oo1’（pathogenic　strain　O　157）was　grown　in　a　Luria－Bertani　broth　medium

（BD，　Sparks，　MD，　USA）at　37°C．　When　the　optical　density　at　600　nm　reached　O．5（OD600

＝ 0．5），E．　co〃cells　were　induced　with　l　mM　isopropylβ一D－1－thiogalactopyranoside（IPTG）

and　incubated　fbr　another　4　hours．　An　E．　co1’suspension　was　respectively　ir噸ected（05

μ1／tick）to　UF，　PF，　and　RNAi－ticks　groups　through　the　fburth　coxae　into　the　haemocoel．
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Control　ticks　were　irJected　with　an　equal　volume　of　heat－killed．E．　co1’（0．5μ1／tick）．　The

irU°ected　ticks　were　left　to　rest　at　25°C　in　an　incubator　fbr　24　hours，　and　hemolymph

collection　was　then　perfb㎜ed　as　described　below．

2．2． 1）7弓ρoro’ノoηqプ乃θ〃zoζy1ηP乃αη61乃θ〃20のノ’6501砺ρ165

　　　　　　Hemolymph　samples　ffom　UF，　PF，　and　RNAi－ticks　irjected　with　or　without　E．　co1’

or　heat－killed．E．　co1／were　collected　by　amputating　the　fbrelegs　of　fbmale　ticks　at　the　coxal－

trochanteral　joint，　drawn　into　heparinized　capillary　tubes　containing　l　OOμl　of　PBS（20，35，

39）and　then　loaded　to　Shandon　EZ　Double　Cytohnnel（The㎜o　Electron　Corp．，　Mil飴rd，

MA，　USA）．　Hemocyte　smears　were　obtained　fピom　these　hemolymph　samples　by　using　a

Cytospin　4　cytocentrihge　machine（The㎜o　Electron）at　100　g　fbr　5　minutes，　and　smears　on

the　micro－glass　slides　were　then　air－dried　and　fixed　in　methanol　or　cold　acetone　fbr　10

minutes．　Smears　fixed　in　methanol　were　immediately　stained　with　a　3％Giemsa　solution

R）r30minutes　fbr　the　light　microscopic　examination　of　hemocyte　morphology　and　counting

of　granulocyte　population，　and　other　smears　fixed　in　cold　acetone　were　kept　at－80℃until

use　fbr　IFAT．

2．3． 伽惚c”〃2〃2〃〃（漁OFε5c翻oη”わ04〃θ5’μ用η

　　　　　　To　examine　endogenous　HISRB　localization　in　hemocytes　f卜om　UF，　PF，　and　RNAi

ticks，　hemocyte　smears　on　the　micro－glass　slides　described　above　were　blocked　with　5％
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skim　milk　in　PBS　ovemight　at　4°C　and　incubated　fbr　30　minutes　at　37°C　with　l：100

dilution　of　an　anti－rHISRB（rHISRB）mouse　serum（Chapter－1）as　a　primary　antibody．

After　washing　three　times　with　PBS，　Alexa　488－corゆgated　goat　anti－mouse

immunoglobulin（1：1000；Invitrogen）was　applied　as　secondary　antibody　at　37°C　fbr　l　hour．

After　washing　three　times　with　PBS，　hemocyte　smears　were　mounted　in　a　mounting

medium　with　DAPI（Vectashield，　Vector　Laboratories，　Burlingame，　CA，　USA）and　then

covered　with　a　cover　glass．　The　images　were　photographed　and　recorded　using　a

fluorescence　microscope（Olympus，　Tokyo，　Japan）．

2．4． 77cん5z4ハノ1γα1〃20η〃or加9

　　　　　　The　changes　with　time　in　the　survival　rates　ofUF，　PF，　and　RNAi－ticks　after　ir噸ection

with　heat－killed　E．　co1／or　E．　coll　were　monitored　using　dif琵rent　tick　groups　ffom　the　ticks

fbr　hemocyte　examinations．　Preparation　of　E．　co1’incubation　and　irり’ection　were　fbllowed

as　described　above．　Female　ticks　injected　with　heat－killed　E．　co1∫or　E．　co1∫were　left　at　25

° Cin　an　incubator　and　their　survival　was　checked　every　6　hours　fbr　2　days　after　irU’ection．

This　survival　monitoring　was　perfb㎜ed　at　least　in　triplicate．

2．5． 魚α〃2’〃o’10ηρプρρρ〃o”o刀ρプカ乃αgoのノ’1c乃ε〃20のノ’ε8ψεπE．　coli∫彫゜（30’10〃

　　　　　　To　examine　the　populational　changes　of　phagocytic　hemocytes　after　E．　coll

irり゜ection，　hemolymph　samples（5μ1／tick）of　Pf　ticks　3，12，24，　and　48　hours　after　irj　ection

with　heat－killed　E．　co1’or　an　E．　oo1’suspension　were　prepared　fbr　hemocyte　smears，　as
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described　above．　Plasmatocytes　and　granulocytes　were　counted　in　a　3％Giemsa　solution（5

ticks／group），　as　described　above，　using　a　light　microscope（Olympus）．

2．6． Rεvεπ8ε〃oη5c吻’α5erρo伽θ7α5θc加’ηアθα6’∫o卯R処PCRブ

　　　　　　To　investigate　the　expression　pattem　of　the　H15Rβgene　after　E．　co1’irjection，

hemolymph　samples　of　PF　ticks　3，12，24，　and　48　hours　after　irjection　with　heat－killed．E．

co1’or　an　E．　oo1’suspension　were　subjected　to　total　RNA　extraction　using　the　TRIzol

reagent（lnvitrogen，　CA，　USA）．　The　RT－PCR　analysis　was　per鉛㎜ed　using　a　one－step

RNA　PCR　kit（Takara，　Otsu，　Japan）with　the　primer　sets　of　the　1715Rβ（Chapter－1）gene．

Control　amplification　was　carried　out　using　the　H　lo刀g’coF廊β一αc伽一specific　primers

（accession　no．　AY254898）．　The　PCR　products　were　subjected　to　electrophoresis　in　a　1．5％

agarose　gel　in　a　TAE　buffbr；the　DNA　was　visualized　by　ethidium　bromide　staining　and

analyzed　using　Quantity　One　l－D　Analysis　Sof㌃ware（Quantity　one　version　4．5，　Bio－Rad

Laboratories，　Milan，　Italy）．

2．7． Pro’θ1η即78∬’oηαηαか8∫5の〃セ3’8用わ10伽9

　　　　　　Hemolymph　samples　of　PF　ticks　3，12，24，　and　48　hours　after　ir噸ection　with　heat－

killed　E．　co1∫or　E．　co1∫suspension　were　separated　by　SDS－polyacrylamide　gel

electrophoresis　and　transfbrred　to　a　polyvinylidene　difluoride　membrane（Millipore，

Bed負）rd，　MA，　USA）．　The　membrane　was　blocked　with　5％skim　milk　in　PBS－T（137　mM

NaCl，2．7　mM　KCl，10　mM　Na2HPO4，1．8　mM　KH2PO4，0．05％Tween－20，　pH　7．4）and
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then　incubated　with　l：100　dilution　of　anti－rHISRB　or　l：200　dilution　of　anti－actin　senlm（49）

as　a　primary　antibody．　After　the　incubation　of　peroxide－corU’ugated　sheep　anti－mouse　IgG

as　a　secondary　antibody（1：2000　dilution；GE　Healthcare，　Little　Chalfbnt，　UK），　the　specific

protein　bands　were　detected　using　O．5　mg／ml　3，3’－diaminobenzidine　tetrahydrochloride．

2．8． Coη5〃〃c’10η（～〃εoo用わ加α班E．　coliελア肥∬加99泥8〃．ガ〃oアε50θηψrαε加但GFZり

　　　　　　A759－bp　DNA丘agment　containing　an　open　reading　fピame　of　the　enhanced　green

fluorescent　protein（EGFP）gene　was　isolated　fピom　pEGFP（Clontech，　Palo　Alto，　CA，　USA）

and　inserted　into　the　3011－〈1∂’Isites　of　the　E．　coll　expression　vector，　pRSET－B（lnvitrogen）

as　recommended　by　the　manufacturer．　The　resulting　plasmid　was　designated　as　pRSET－

B／EGFP．

　　　　　　An　E．　ooll，　DH5αstrain－competent　cells（Invitrogen）colony　transfb㎜ed　with

pRSET－B／EGFP　was　cultured　in　an　LB　broth　medium（BD）supplemented　with　50μg／ml　of

ampicillin．　When　the　optical　density　at　600　nm　reached　O．5，　E．　co1∫cells　were　induced　to

express　the　recombinant　EGFP　by　the　addition　of　l　mM　IPTG　and　incubation　R）r　another　4

hours．

2．9．　　1々ノ8c”oηoη4　c〃1∫z〃θρプEて7FP一θ％ρFθ∬1〃g　E．　coli

　　　　　　EGFP－expressing　E．　co1’（E－E．　co1’），　readily　detectable　by　microscopy［18］，　was

irU°ected　as　a　suspension（0．5μ1）into　UF，　PF，　and　RNAi－ticks，　respectively．　The　ir噸ected

ticks　were　lefほbr　24　hours　at　25°C　in　an　incubator，　and　hemolymph　samples　were　then
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collected　by　amputating　the　fbrelegs　of　fbmale　ticks　at　the　coxal－trochanteral　joints．　One

drop　of　hemolymph　was　placed　on　a　glass　slide　and　covered　with　a　cover　glass，　and　the

hemocyte　images　were　photographed　using　a　f［uorescence　microscope（Olympus）．

　　　　　　Five　microliters　of　hemolymph　f卜om　UF，　PF，　or　RNAi－ticks　24　hours　after　E－E．　oo1’

irOection　was　applied　to　an　LB　agar　medium　including　1μg／ml　of　ampicillin　and　100

mM／plate　of　IPTG．　All　emerged　colonies　were　counted　within　24　hours　using　FluorChem

FC2（Cell　Biosciences，　Califbmia，　USA）．　In　addition，　the　emerged　colonies　were　observed

under　UV　light　in　order　to　con丘㎜whether　they　were　E－E．　co11　or　not（52）．

3． Resu且ts

3．1． Plo3〃2α’oゆ6Mη49γo刀〃10ρ卿3（勲脚1θ”廊

　　　　　　The　cuπent　observations　were　per鉛㎜ed　on　plasmatocytes　and　granulocytes　of

飴male　H　loηg1cor〃’5　ticks（Fig．12A），　since　they　are　generally　recognized　as　a　predominant

class　of　phagocytes　circulating　in　hemolymph　of　ticks（9，31，35，53）．　Plasmatocytes　of

ticks　have　a　round　or　irregular　shape　with　processes　such　as　filopodia，　and　they　have　fbw

granules　in　the　cytoplasm　The　granulocytes　of　ticks　show　a　spherical　fbrm　and　are　filled

with　many　large　granules（46，53，82）．

　　　　　　An　immunohistochemical　examination　using　an　indirect　fluorescent　antibody　test

（IFAT）was　conducted　to　illustrate　the　localization　of　the　endogenous　HISRB　protein　in　the
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phagocytic　plasmatocytes　and　granulocytes　of　PF　ticks　without　heat－killed　E．　co〃or　E．　co〃

injection（Fig．12B）．　IFAT　was　perfb㎜ed　using　anti－rHISRB　mouse　serum　fbllowed　by

Alexa　488－cor巾gated　anti－mouse　immunoglobulin．　As　shown　in　Fig．12B，　the　dotted

localization　of　native　HISRB　protein　was　detected　only　on　the　surface　of　granulocytes，

while　no　localization　was　observed　in　plasmatocytes（Fig．12B），　suggesting　that　endogenous

HISRB　is　expressed　predominantly　in　granulocytes　ofH　lo刀gたo用∫5．

3．2．　　ル表）η吻010gたα1　c乃αηgθ5（～プρ10∫〃201oのノ’θ50η（タgrαηz410（ッ’ε3　qゾノ乙〃7α1θ’1cん3ψ8アE

coli〃η゜θ0∫∫0η

　　　　　　We　examined　the　morphological　changes　of　two　types　of　phagocytic　hemocytes，

plasmatocytes　and　granulocytes，　in　UF，　PF，　and　RNAi－tick　groups　24　hours　after　heat－killed

．E．　co1’or　E．　co1／irOection（Fig．13）．　Based　on　our　observation　of　Giemsa－stained　smears，

no　changes　were　observed　in　the　shape　ofplasmatocytes　and　granulocytes　fピom　UF，　PF，　and

RNAi－ticks　24　hours　after　heat－killed　E．　co1／irjection（Fig．13A）．　Similarly，　there　were　no

remarkable　morphological　changes　in　plasmatocytes　ffom　UF，　PF，　and　RNAi　ticks　24　hours

after　E．　co1’irJ　ection（Fig．13B，　panel　a，　b，　and　c）．　Interestingly，　large　lobopodia－like

structures（46）were　observed　in　granulocytes　of　the　Giemsa－stained　smears　ffom　UF　and

PF　ticks　24　hours　after　E．　co1～irjection（Fig．13B，　panel　d，　and　e，　arrows），　and　many　E．　co1～

bacteria　were　fbund　around　the　top　of　lobopodia－like　structures（Fig．13B，　panel　g，　h，　and　i）．

However，　no　lobopodia－like　stmctures　were　detected　in　granulocytes　fヒom　RNAi　ticks　after

E．co1’irjection（Fig．13B，　panel　f）．　According　to　our　results　of　Fig．2A　and　B，　the　dif琵rent
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amount　of　extracellular　heat－killed　E．　co1’or　E．　co1∫was　fbund　in　the　hemolymph　because

heat－killed　E．　co1’could　not　grow　and　E．　coll　could　grow　after　24　hours　irj　ection　at　25°C．

3．3．　　五〇cα1’z6〃’oη　（～プεη∂∂98ηoz45・1刀571ヒβ、ρアo∫（～〃z5　ελアπε55θ∂「’η　9παηz410（ツ’85　qププセ〃2α1θ

’ノc㎞妙8r　E．　coli碗1’8α’o〃

　　　　　　We　observed　the　immunohistological　localization　of　endogenous　HISRB　proteins　in

granulocytes　24　hours　after　heat－killed　E．　co1’or　E．　co1∫irり゜ection．　As　shown　in　Fig．14A，

there　were　a　fbw　dots　showing　HlSRB　localization，　around　8　in　number，　on　the　surface　of

granulocytes　fピom　UF　and　PF　ticks　24　hours　after　heat－killed．E．　coll　irU°ection（panel　a，　and

b），while　no　positive　fluorescence　was　observed　on　the　surface　of　granulocytes丘om　RNAi－

ticks　irU’ected　with　E．　co1’（panel　c）by　IFAT．　In　addition，　no　morphological　changes　were

observed　in　the　granulocytes　fヒom　UF，　PF，　and　RNAi－ticks　irU’ected　with　heat－killed　E．　co11

（Fig．14A）．

　　　　　　Asignificantly　large　number　of　fluorescent　dots　showing　localization　of　native

HlSRB　protein　were　observed　on　almost　all　the　surface　of　granulocytes　f士om　UF　and　PF

ticks　24　hours　af㌃er　E．　co〃irJection（Fig．14B，　panel　a，　and　b），　and　they　were　60　to　90　in

number　and　unifb㎜ly　distributed　throughout　the　sur飴ce　of　granulocytes　including

lobopodia－like　stmctures．　However，　no　positive　fluorescence　was　detected　on　the　surface　of

granulocytes　fピom　RINAi－ticks　irJected　with　E．　co11（Fig．14B，　panel　c）．　These　data　suggest

that　granulocytes　of　H　loηg∫coア廊ticks　might　morphologically　respond　to．E．　co1’irU°ection

and　up－regulate　the　expression　of　cell　surface　HISRB，　but　HISRB－silenced　granulocytes

might　have　failed　to　respond　properly　to．E．　co1∫invasion　in　hemolymph．
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3．4． 3〃ηノ1vα1　rα陀5　q〆ン勉〃2ζ118’1cた∫ψεr　E．　coli’尾1セc〃oη

　　　　　　High　survival　rates　were　consistently　observed　in　UF，　PF，　and　RNAi－ticks　after　heat－

killed　E．　co1’irj　ection（Fig．15）．　The　survival　rates　of　UF，　PF，　and　RNAi－ticks　48　hours

after　heat－killed　E．　ooll　irOection　were　82．1％，92．1％，　and　78．2％，　respectively（Fig．15），

indicating　that　changes　with　time　in　survival　rates　were　only　modest　in　ticks　irU°ected　with

heat－killed．E．　co1’and　no　significant　dif艶rences　were　obvious　among　UF，　PF，　and　RNAi－

ticks．　However，　the　survival　rates　of　fbmale　ticks　irJected　with　E．　co1’were　quite　dif琵rent

between　UF　and　PF　ticks　and　RNAi－ticks．　The　survival　rates　of　UF　and　PF　ticks　30　and　48

hours　after　E．　co1’irU°ection　were　82．5　to　92．5％and　50．8　to　78．3％，　respectively（Fig．15），

showing　only　a　slight　decrease　with　time．　However，　the　survival　rates　of　RNAi－ticks　l　8，24，

and　30　hours　after　E．　co〃珂ection　were　64．1％，22．5％，　and　O％，　respectively（Fig．15），

indicating　a　marked　decrease　with　time．　These　results　indicated　that　almost　all　UF　and　PF

ticks　could　survive　after　proper　control　of　invaded　E．　co1’but　RNAi－ticks　had　to　succumb　to

E．co1’burdens　mainly　due　to　the　recognition　failure　in　pathogen－associated　molecular

pattems（PAMPs）（25，50）caused　by　HISRB－silenced　and　in艶ction　due　to　high　bacteremia．

3．5．　　1）ρμ410”o〃01c乃αη9θ5・（～プ」ρ1α5・〃2α’oのノ’ε5・α刀01970刀〃o（ツ’召5・（りつ勉〃201ε’1c融6漉8F　E．　coli

Z砂｛9C’10η

　　　　　　We　examined　changes　in　population　of　phagocytic　hemocytes　fヒom　PF　ticks　a負er　E．

co1’ir瑠ection　in　dif艶rent　time　courses．　Based　on　our　observation　ofGiemsa－stained　smears，

the　population　of　plasmatocytes　and　granulocytes　increased　after　E．　co1’injection．　In　this

72



study，　we　fbcused　on　the　population　of　granu．locytes　because　HlSRB　was　expressed　only　in

the　granulocytes（Figs．12B　and　l　4）．　As　shown　in　Fig．16A，　the　population　ofgranulocytes

were　increased　with　a　diffbrent　time　course　not　only　slightly　in　ticks　af㌃er　heat－killed　E．　co1’

irJection　but　also　more　significantly　in　ticks　irOected　with　E．　co11．　These　percentages

represent，　on　average，　the　results　of　five　ticks　ffom　each　group．　This　result　suggests　that　the

increased　granulocytes　population　might　be　the　result　of　granulocyte－mediated　phagocytosis

R）rinvasion　fbreign　microorganisms　and　that　the　slightly　increase　is　related　to　possible

extemal　irゆries　caused　by　microirU’ections　in　recipient　ticks．

3．6． Eκ】ρFε∬’o〃」ραπθrη8（～プH13Rβ加乃θ〃20か鵬ρ乃qプPF’∫c瘤φεF　E．　coli碗1°θc”o〃

　　　　　　The　expression　pattems　of　HISRB　in　hemolymph　ffom　PF　ticks　after　E．　co11

irjection　were　examined　by　RT－PCR　and　Westem　blot　analysis　in　dif色rent　time　courses．

As　shown　in　Fig．16B　and　C，　theβ一actin　gene　and　protein　levels　did　not　change　in　ticks

irU°ected　with　heat－killed　E．　oo1’or　E．　oo1’．　However，　the　gene　and　protein　expressions　of

HlSRB　were　up－regulated　with　time　slightly　in　ticks　af㌃er　heat－killed　E．　co1’irOection　and

more　significantly　in　ticks　irJected　with　E．　oo1∫（Fig．16D　and　E），　suggesting　that　HISRB

expression　in　tick　hemolymph　containing　various　types　of　hemocytes　and　humoral　proteins

（29，82）might　be　up－regulated　fbr　participation　in　both　immunological　defbnse　against　E．

co1∫and　wound－healing　after　microi可ection．
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3．7． Kのノro165ρプH18Rβ加9アα刀z410（ツ’8－〃28読α’ε4ρ乃ogocツ’05∫5’o　E．　coli

　　　　　　Hemolymph　samples　were　collected　fピom　UF，　PF，　and　RNAi－ticks　24　hours　after

irU°ection　with　EGFP－expressing－E．　co1’（E－E．　oo1’）and　examined　under　f［uorescence

microscopy（Fig．17A）．　In　UF　and　PF　ticks　irjected　with　E－．E．　co1∫，　granulocytes　were

R）und　to　contain　many　phagocytosed　bacteria　and　appeared　to　extend　a　lobopodia－like

stmcture　toward　a　colony　ofbacteria（panel　a，　b，　d，　and　e）．　In　RNAi－ticks　ir噸ected　with　E－E．

oo1ノ，　bacteria　accumulated　around　granulocytes，　and　no　phagocytosed　bacteria　were

observed　in　the　cytoplasm　of　granulocytes（panel　c）．　These　results　suggested　that　HISRB

expression　of　granulocytes　up－regulated　in　response　to　E．　co1∫invasion（Fig．14B）might

reflect　a　critical　role　of　HISRB　in　hemocyte－mediated　phagocytosis　to　invading　E．　oo1’and

also　that　lobopodia－like　extension　of　granulocytes　might　be　specialized　fbr　bacteria

clearance　in　hemolymph．

3．8． α41魏肥（ゾ加〃20ヶ脚乃プアo〃〃’c融吻1°8c’θ4w’劾EG1荏）一θ賜ρアθ∬’〃gEcoli　6E－E　colり

　　　　　　The　colony　numbers　ofE－E．　co1／afler　overnight　cultivation　of　hemolymph　fヒom　UF，

PF，　and　RNAi－ticks　24　hours　a負er　E－E．　co1／irU°ection　were　88，21，　and　971，　respectively

（Fig．17B）．　These　numbers　are　shown　to　represent　in　average　results　of　three　diffbrent

experiments　and　a　significantly　highest　number　of　colonies　was　observed　in　culture　of

hemolymph　fヒom　RINAi－ticks．　These　results　suggested　that　RNAi－ticks　induced　high

bacteremia　in　hemolymph　24　hours　a負er　E－E．　co1／irjection　due　to　the　failure　in　combating
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bacteria，　caused　by㎞ockdown　of　HISRB，　resulting　in　the　emergence　of　a　large　number　of

colonized　bacteria．

Discussion

　　　　　　Previous　literature　on　hemocyte　identification　of　arthropods　suggests　that　the　most

common　types　of　hemocytes　are　prohemocytes，　plasmatocytes，　granulocytes，　and

sphemlocytes（16，20，39，47，48，82）．　At　least　two　types　of　hemocytes，　plasmatocytes　and

granulocytes，　are　generally　recognized　as　a　predominant　class　of　phagocytic　hemocytes

circulating　in　hemolymph　of　insects（23，47，48）and　ticks（9，31，35，46，53，71）．　Other

finding　by　Ceraul　et　al．（10）showed　that　encapsulation／nodulation　may　be　an　important

component　of　the　immune　response　in　ticks　after　direct　inoculation　of　E．　co1’bacteria　into

the　hemocoel　cavity．　In　this　chapter，　I　provide　evidence　that　granulocytes　ofH　loηg∫co柳ノ5

ticks　after　E．　co1’irO　ection　show　overt　populational　and　morphological　changes，　such　as　an

increased　number　of　granulocytes　and　an　extension　of　lobopodia－like　structures　toward　a

colony　of　E．　co11．　I　also　demonstrated　that　phagocytosed　EGFP－expressing　E．　co1’（E－E．

co1ノ）was　fbund　only　inside　the　granulocytes．　These　results　strongly　suggest　that

granulocytes　are　almost　exclusively　involved　in　hemocyte－mediated　phagocytosis　fbr．E．　co1’

in　H．10η9’cor所、∫ticks．

　　　　　　Ticks　must　acquire　nutrients　ffom　the　host　blood　meal　and　metabolize　these　nutrients

via　metabolism（81）．　After　blood　fbeding，　increase　in　phagocytosis　takes　place　in　the
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hemolymph　of　fbd　ticks　compared　with　their　unfbd　ticks　state（82）．　In　Orη〃乃040ro5

刑o〃わo’αsoft　tick，　the　population　of　hemocytes　corresponding　increase　in　fbd　ticks　showed

increase　eosinophilic　granulocytes　populations　and　increase　phagocytic　activity　in　fbd　ticks

than　their　unfbd　ticks（39）．　According　to　our　results　ofUF’shemolymph（Fig．13B，　panels　a

and　d；Fig．17A，　panel　a），　the　amount　of　extracellular　E．　co1∫or　E－E．　ooll　was　higher　than

those　of　PF’s　hemolymph（Fig．13B，　panels　b　and　e；Fig．17A，　panel　b），　while　the　highest

amount　of　extracellulaLE．　co1’or　E－E．　coll　in　RNAi－tick’s　hemolymph（Fig．13B，　panels　c

and　fl　Fig．17A，　panel　c），　suggest　that　phagocytic　activity　of　PF　ticks　is　higher　than　those　of

UF　ticks　and　loss　ofphagocytic　activity　in　RNAi－ticks．

　　　　　　It　was　shown　in　this　study　that　the　gene　and　protein　expressions　ofHISRB（Chapter－

1）are　significantly　up－regulated　in　tick　hemolymph　after．E．　co1／irJ　ection．　In　addition，　the

且uorescent　dots　showing　localization　of　native　HISRB，　detected　only　on　the　surface　of

granulocytes，　demonstrated　a　marked　10－fbld　increase　after　E．601’ir層ection．　These　results

indicate　that　granulocytes　up－regulate　the　expression　of　cell　surface　HISRB　in　response　to

exposure　to　E．　co1’，　most　likely　resulting　in　increased　HISRB　in　hemolymph．

　　　　　　1ηv1vo　gene　silencing　study　revealed　that　HISRB－silenced　ticks　were　unable　to

properly　control　invaded．E．　co1’burdens　and　had　to　succumb　to　high　bacteremia．

Interestingly，　in　HISRB－silenced　ticks，　no　fluorescent　dots　showing　HISRB　localization

were　detected　in　granulocytes　befbre　and　af㌃er　E．　co1’injection，　and　lobopodia－like

structures　and　intracellularly　phagocytosed　E－E．　co1’bacteria　were　not　observed．　It　was

indicated　that　the　mammalian　SRB　generally　implicates　as　a　sensor　of　microbial　products

that　mediate　phagocytosis　in　response　to　a　broad　range　of　pathogens（5）．　Therefbre，　HISRB
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is　critically　involved　in　the　uptake　of　E．　co1’bacteria　into　granulocytes　and　thus　HlSRB

silencing　resulted　in　the　complete　loss　ofthe　granulocyte－mediated　phagocytosis，　giving　rise

to　the　mortality　ofticks　after　E．　co1’ir噸ection．

　　　　　　My　study　raises　the　possibility　that　the　phagocytosis　of　tick　granulocytes　is　induced

when　HISRB　is　activated　by　target　pathogens．　However，　phagocytosis　of　a　microbe　by　a

phagocytic　cell　is　an　extremely　complex　and　diverse　process　which　requires　multiple

successive　interactions　between　the　phagocyte　and　the　pathogen　as　well　as　sequential　signal

transduction　events（47，48，50）．　Cytokine－related　molecules　such　as　PDGF－AB，　TNF一α

and　IL－8　in　invertebrates　are㎞own　to　provoke　confb㎜［ational　changes　in　mollusk

hemocytes　and　to　affbct　phagocytosis（65，66）．　Scavenger　receptors　expressed　by

mammalian　myeloid　cells　have　been　elucidated　to　alter　cell　morphology，　and　their

expression　is　af偽cted　by　various　cytokines（70）．　We　have　already　shown　in　O7〃〃乃o∂bro5

刑o〃わo’αticks　that　granulocytes　have　platelet－derived　growth　factor（PDGF）－AB（53）．

Therefbre，　it　may　be　assumed　that　the　participation　of　PDGF－AB　in　the　elongation　of

lobopodia－like　structures　in　tick　granulocytes　after　E．　co1∫irU’ection　is　caused　in　cooperation

with　HISRB．

　　　　　　Collectively，　HlSRB，　a　class　B　scavenger　receptor　CD360f　ixodid　ticks，　is　fbund　to

play　a　key　role　in　granulocyte－mediated　phagocytosis　to　invading　E．　co1’and　contribute　to

the　first－line　host　defense　against　various　pathogens．　These　findings　indicate　that　HlSRB

may　be　critical飴r　the　survival　of　ixodid　ticks．　Fu曲e㎜ore，　our　data　suggest　that　HISRB

may　be　a　novel　promising　target　molecule　fbr　the　development　of　vaccine　against　ticks　and

tick－bome　diseases．
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Fig．12．　　　Giems劉一smined劉nd　loc裂lization　of　H置SRB　on　the　pl訊smatocytes劉nd

granu畳ocytes　without　he劉t－kil畳ed　E．ω〃or　E．　co〃injection

　　　　　3％Giemsa－stained　plasmatocytes　and　granulocytes（A）alld　localization　of　the

endogenous　HISRB　on　the　sしIrf哀ce　of　grallulocyte　f㌃om　partially　fbd　fbmale　H　1‘）〃gノ（・01・η～3

adult　ticks（PF）by　IFAT（B）．　Helnolymph　and　hemocyte　sarnples　were　prepared　as　illdicated

ill　Materials　and　methods．　The　llemocytes　were　stailled　with　anti－rHISRB　alltibody　fb110wed

by　Alexa　488－cor加gated　mouseεmti－lgG．　Phagocytic　p畳asmatocytes　and　granしIlocytes　were

observed　under　fluorescence　microscopy．　Arrowheads　illdicate　the　native　HISRB　expressed

oll　the　sur石ace　of　granulocytes．　Typical　plastmatocytes（a）alld　granulocytes（b）are　show11．

The∫cα18ゐo’g　represents　lμm．
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Fig．亘3．　　　Giems劉一s面ned　on　the　pl3smatocytes　and　gmnulocytes　after　he紐t－kiHed　E．

ごo”or　E。60”injection

　　　　　3％Giemsa－stained　plasmatocytes　and　granulocytes　ftom　H．10ηgた01・〃ノ3しlnfbd（UF），

partially　fbd（PF），　and∫ノ13RβdsRNA－injected　ticks（RNAi－ticks）24　hours　af㌃er　the　irjection

with　heat－k川ed　E．α）〃（A）or　E．ω〃（B）．　Heat－killed　E．ω〃or　E．　co1／was　percutaneously

irJected　into　UF，　PF，　and　RNA卜ticks．　The　irJected　ticks　were　left　at　25°C　in　an　illcubator．

Twellty－fbur　hours　a食er　iljectiolls，　hemolymph　was　collected　fbr　the　exanlillation　of

hemocytes．　Arrowheads　indicate　E．　coll，　and　a1Tows　indicate　the　lobopodia－like　extensiolls　of

granulocytes．　Plaslnatocytes　and　granulocytes　of　UF（a　alld　d），　PF（b　alld　e），　and　RNAi－ticks

（cand　f）．　Areas　marked　by　squares　are　shown　at　higher　magniHcatiol1（g，　h，　alld　i）．　The、写c‘」18

わα’刈represellts　lμnl．
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Fig．14．　　　Immunohistochemic紐日oca畳ization　of　the　endogenous　H量SRB　on　the

surf段ce　of　granu置ocytes　from　he訊t－killed　E．ω〃一（A）or　E．　co〃－injectω（B）unfbd（UF），

p紐rtially　fed（PF），　and〃ム∫RβdsRNA－injected　Iicks（RNAi－ticks）by　IFAT

　　　　　The　IFAT　experiment　was　perfbrmed　as　sllown　in　Fig．1．　AITowheads　illdicate　the

native　l　l1SRB　exp1’essed　on　the　surlhce　ofgrallulocytes，　and　a1Tows　indicate　the　Iobopodia－

like　extensiolls　of　gramllocytes．　Grallulocytes　of　UF（a），　PF（b），　and　RNAi－ticks（c）．　The

8cα18んσ1々represellts　lμln．
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F董g．15．　　　Surviva畳r劉te　comp紐risons翫mong　unfω（UF），　p劉rti劉lly　fed（PF），　and

H鯉・R．βdsRNA－injected　ticks（RNAi－ticks）after　he飢一killed　E．　co〃or　E．　co〃injection

　　　　　　Heat－killed　E．60〃or　E．　co〃was　percutaneously　i切ected　into　UF，　PF，　and　RNAi－

ticks．　The　injected　ticks　were　allowed　to　rest　at　25°C　in　all　incubator　and　then　monitored食）r

survival　rate．　The　survival　rates　were　calculated　by　the　percelltage　of　remaining　live　ticks　to

the　number　of　ticks　used　at　the　begilmillg　of　the　experiment　ill　dif琵rellt　time　courses．　The

moribulld　ticks　were　calculated　as　dead　ticks．　The　figures　are　shown　to　represent　data　ill

combined　results　ofthree　diffヒrent　experiments．
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Fig．16．　　　　Popu畳劉tion劉l　ch劉nges　of　gr劉nulocytes劉nd　expression　p翫tterns　of　H個」R・配

gene　and　endogenous　HISRB　protein　in　the　hemolymph　from　parti劉1貝y　fed（PF）ticks

injected　with　either　he段t－kiHed　E．　co〃or　E．　co〃

　　　　　PF　ticks　were　percutaneously　irJected　with　heat－killed　E。ω〃or　E．　co〃．　The　irjected

ticks　were　left　at　25°C　in　all　illcubator．　Hemolymph　was　collected　fbr　granulocyte　coullts，

RNA　extractiol1，　and　preparation　of　protein　lysates　in　diffbrellt　time　courses　after　heat－killed

E．co〃or　E．ω1／irjection．　Effヒct　of　E．　co1～i功ection　oll　granulocyte　populatioll（A）．　Black

and　white　bars　indicate　heat－killed　E．ω〃and、E．　co〃irJection，　respectively．　Values　represellt

the　lnea11士SD　of　five　ticks．　The　asterisks　indicate　a　significallt　dif驚rence　ffom　the　colltrol

heat－killed　E．　c（，〃irjections（Pく0．05）．　RT－PCR　analysis（B　and　D）．　PCR　was　perfbrlned

usillg　cDNA　syllthesized　fヤom　the　Pf　ticks　irしlected　with　either　heat－kiHed　E．ω〃or　E．　co〃

with　primer　sets　specl行c　to〃／3尺βandβ一‘～c〃ηgelle．　Westem　blot　analysis（C　and　E）．

Helnolymph　samples　were　su切ected　to　SDS－PAGEしmder　reducing　condltions　and　transfbrred

to　a　PVDF　membrane．　The　membrane　was　probed　with　the　lnouse　allti－rHISRB　or　moしlse

anti－actin　serum　was　used　as　a　controL　3hr，3hours　aRer　heat－killed　E．（Y）〃or　E．　c・o〃

i功ection；12hr，12hours　after　heat－kiiled　E．601～or　E．　coll　irU璽ectioll；24hr、24　hours　after　heat－

killed　E．　co1～or　E．（30〃il噸ection；48hr，48　hours　after　heat－killed∠ジ．　cθ〃or　E．（・‘）〃illjection．
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Fig．17．　　　F畳uorescence　microscopy　showing　the　fluorescence　of　EGFP－expressing

E．ω〃（E－E．ω〃）in　granulocytes（A）紐nd　co置ony　number　of　E－E．ω〃propag劉ted　in

unfed（UF），　p劉rtially　fed（PF），　or〃i慮RβdsR］NA－injected　ticks（RNAi－ticks）（B）

　　　　　　UF，　PF．　and　RNA卜ticks　were　irOected　with　E－E．　oo〃．　Twenty－fbur　hours　afler　tlle

irOection，　hemolymph　was　coHected　fヤom　these　ticks　by　amputation　of　legs．　One　drop　or

hemolymph　placed　on　a　glass　slide　was　examilled　under　fluorescence　rnicroscopy（A）．

Arrowheads　indicate　E－E．α）〃　and　arr（ws　indicate　the　lobopodia－like　extellsions　of

gramllocytes　of　UF（a），　PF（b），　alld　R．NAi－ticks（c）．　Areas　marked　by　squares　are　showll　at

higher　lnagnificatio11（d　alld　e）．　The　8c‘11eゐ‘〃・represellts　1μm．　Colony　numbers　of　E－E．（・o〃

propagated　ill　UF，　PF，　and　RNAi－ticks　24　hours　aRer　E－E．ω〃ir口ection（B）．　Hemolylnph　of

these　tick　groups　was　applied　on　an　LB　agar　mediuln、　and　the　llumber　ofemerged　colonies　of

E．ω〃after　ovemight　culture　was　counted．　This　experimellt　was　dくme　ill　triplicate，　alld

similar　results　were　obtained　in　3　diffbrellt　experiments．
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General　Discussion　and　Conclusions

　　　　　　The　ixodid　ticks（Arthropoda：Ixodidae），　popularly㎞own　as　hard　ticks，　serve　as　a

unique　vector　of　various　pathogens　that　cause　deadly　diseases，　such　as　Lyme　disease，　tick－

bome　encephalitis，　Rocky　Mountain　spotted　fbver，　babesiosis，　theileriosis，　and

anaplasmosis，　during　hematophagy．　Approximately　l　O％of　the㎞own　867　tick　species　act

as　vectors　of　a　broad　range　of　pathogens　of　domestic　animals　and　humans（38）．　The　hard

ixodid　tick，　H∂θ1ηgρ1り～5α1’510〃g’cor〃’5，　is　distributed　mainly　in　East　Asia　and　Australia，

where　it　transmits　a　wide　range　of　pathogens．　Most　bacterial　and　viral　diseases　can　be

successfUlly　controlled　by　vaccination　and　quarantine　procedures．　For　the　tick－borne

diseases，　a　variety　of　methods，　including　the　application　of　chemical　acaricides　have　been

employed　to　suppress　tick　vector　population　and　tick－bome　diseases．　RNA　interfbrence　has

been　proposed　to　have　apPlication　possibilities　fbr　the　autocidal　control　of　tick　populations

（13）and　the　characterization　of　tick－bome　pathogens（12，14）．　Research　in　recent　years　has

given　new　insights　into　the　dsRNA　uptake　mechanism　in　the　gene　silencing　of　insects．　It　is

of　current　interest　to　look　at　the　molecular　scenario，　in　particular，　the　role　of　scavenger

receptor　in　hemocyte－mediated　phagocytosis，　inside　vector　ticks，　which　plays　an　important
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role　in　first－line　host　defbnse　against　invading　Pathogens．　In　the　present　study，　I　have

selected　and　characterized　class　B　scavenger　receptor　CD36　gene（H15RB）丘om　the　EST

data　base　constructed　ffom　ovary　cDNA　libraries　of　H．10ηg’coπ廊with　the　aim　of

exploring　their　role　in　the　systemic　RNA　interfbrence　and　the　granulocyte－mediated

microbial　phagocytosis　in　ticks．

　　　　　　Scavenger　receptors　are　cell－surface　proteins　and　exhibit　distinctive　ligand－binding

properties，　recognizing　a　wide　range　of　ligands　that　include　microbial　surface　constituents

and　intact　microbes（46）．　The　class　B　scavenger　receptor　CD36（SRB）is　predominantly

expressed　by　macrophages　and　is　considered　important　in　i㎜ate　immunity．　A　prominent

member　of　SRB　is　a　membrane　glycoprotein　present　on　platelets，　mononuclear　phagocytes，

adipocytes，　myocytes，　and　some　epithelia（30）．　The　SRB㎞own　as“pattem　recognition

receptors”identifies　the　conserved　structure　of　the　pathogen　ligands　and　mediate　the

binding　and　uptake　of　microorganism　antigens（25）．　It　is　speculated　that　exploration　of

biochemical　properties　of　tick　SRB　will　contribute　to　our㎞owledge　about　tick　biology

including　systemic　RNA　interfbrence　and　the　granulocytes－mediated　phagocytosis　and

would　help　in　evaluating　the　SRB　as　vaccine　candidates　fbr　the　purpose　of　better　control　of

ticks　and　tick－borne　diseases．

　　　　　　In　Chapter－1，Iidentified　a　scavenger　receptor　class　B－like　protein　belonging　to　the

CD36　superfamily　in　H．10〃g’coπ〃’5，　the且rst　to　be　structurally　characterized　in　ticks．　The

HISRB　had　overall　30％identity　to　both　mammalian　and　insect　SRB　membrane　proteins．

The　mRNA　transcripts　of召18Rβwere　expressed　in　multiple　organs　of　adult　fbmales　but

with　varying　levels　in　the　diffbrent　developmental　stages　of　ticks．　The　recombinant　HlSRB
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was　expressed　in　E5c舵アた乃∫o　co1／as　the　His－tagged　protein，　and　anti－mouse　recombinant

HISRB　semm　elucidated　the　localization　of　the　endogenous　protein　in　the　midgut，　salivary

gland，　ovary，　fat　body，　and　hemocytes　of　partially　fbd　H　lo刀g∫coF廊fbmales．　Gene

silencing　of　H15RB　in　fbmale　ticks　resulted　in　a　significant　reduction　of　engorged　body

weights．

　　　　　　Chapter－2　shows　fbr　the　first　time　that　HISRB　mediated　the　uptake　of　exogenous

dsRNAs　in　the　induction　of　the　RNAi　responses　in　ticks．　Unfbd　fbmale　H．10ηg／co川’3　ticks

were　irり゜ected　with　a　single　or　a　combination　of　H　loηg’corη’58Rβ（H13Rβ）dsRNA，

vitellogenin－1（H1㎏一1）dsRNA，　and　vitellogenin　receptor（H1㎏R）dsRNA．　I　fbund　that

specific　and　systemic　silencing　of　the　H13朋，　H1㎏一1，　and研㎏R　genes　was　achieved　in

ticks　irU’ected　with　a　single　dsRNA　of五173児8，∫f7㎏一1，　and　H1㎏R，　repectively．　In　ticks

irU’ected　first　with　H1㎏一10r　H1㎏R　dsRNA　fbllowed　96　hours　later　with　H18RβdsRNA

（∫11㎏一1・侃15RB　or研㎏R・侃Z3Rβ），　gene　silencing　of1刀5RB　was　achieved　in　addition　to　first

㎞ockdown　in〃1㎏一10r　H1㎏R，　and　prominent　phenotypic　changes　were　observed　in

engorgement，　mortality，　and　hatchability，　indicating　that　a　systemic　and　specific　double

knockdown　of　target　genes　had　been　simultaneously　attained　in　these　ticks．　However，　in

ticks　ir噸ected　with召75RB　dsRNA　fbllowed　96　hours　later　with月7㎏一10r　H1㎏R　dsRNAs，

silencing　of　H13Rβwas　achieved，　but　no　subsequent㎞ockdown　in　H1㎏R　or　H1㎏一1　was

observed．　The　Westem　blotting　and　immunohistochemical　examinations　revealed　that　the

endogenous　HlSRB　protein　was　fUlly　abolished　in　midguts　of　ticks　irU’ected　with

研8Rβ侃1㎏一1　dsRNAs　but　HlVg－l　was　no㎜ally　expressed　in　midguts，　suggesting　that

H1㎏一1　dsRNA－mediated　RNAi　was　fUlly　inhibited　by　the且rst㎞ockdown　of　H15Rβ．
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Similarly，　the　abolished　localization　of　HlSRB　protein　was　recognized　in　ovaries　of　ticks

i切ected　with　H18Rβ侃1㎏R，　while　no㎜al　localization　of　HIVgR　was　obser／ed　in　ovaries，

suggesting　that　the血ilure　to　knock－down　H1㎏R　could　be　attributed　to　the丘st㎞ockdown

of1175R一β．

　　　　　　Insects　have　a　well－developed　innate　immune　system　that　allows　a　general　and　rapid

response　to　infbctious　agents．　Hemocytes　are　the　primary　mediators　of　cell－mediated

immunity　in　insects，　including　phagocytosis，　nodulation，　encapsulation　and　melanization．

Identification　of　hemocytes　is　essential　to　understand　hemocyte－mediated　immune

responses　in　invertebrates．　Chapter－3　shows　that　HlSRB　plays　vital　roles　in　granulocyte－

mediated　phagocytosis　to　invading　E．　oo1∫and　contributes　to　the　first－line　host　defbnse

against　various　pathogens．　Data　clearly　revealed　that　granulocytes　that　up－regulated　the

expression　of　cell　surface　HlSRB　were　almost　exclusively　involved　in　hemocyte－mediated

phagocytosis　fbr　E．　co1∫in　ticks，　and　post－transcriptional　silencing　of　the　HlSRB－specific

gene　ablated　the　granulocytes’ability　to　phagocytose　E．　co1∫and　resulted　in　the　mortality　of

ticks　due　to　high　bacteremia．

　　　　　　In　conclusion，　the　present　stu．dy　demonstrates　that　the　novel　gene，　H15RB，　ffom　the

ixodid　tick　H　loηgたo禰5　belongs　to　the　class　B　scavenger　receptor　CD36　family．　HlSRB

may　not　only　mediate　the　ef飴ctive㎞ock－down　of　gene　expression　by　RNAi　but　also　play

essential　roles　fbr　systemic　RNAi　of　ticks．　Additionally，　HlSRB　is　fbund　to　play　a　key　role

in　granulocyte－mediated　phagocytosis　to　invading　E．　co1∫and　contributes　to　the　first－line

host　defbnse　against　various　pathogens．　Therefbre，　understanding　the　mechanisms
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underlying　class　B　scavenger　CD36－mediated　fhnctions　in　ticks　is　of　paramount　importance

fbr　the　development　of　vaccine　against　ticks　and　tick－bome　diseases．

90



ACKNOWLEDGEMENTS

　　　　　　First　of　all，　I　would　like　to　express　my　deepest　gratitude　and　sincere　appreciations　to

my　chief　advisor，　Profbssor　Dr．　Kozo　Fujisaki，　Profbssor　of　Laboratory　of　Emerging

Infbctious　diseases，　Director　ofthe　Department　ofFrontier　Veterinary　Medicine，　Kagoshima

University，　Japan，　Pro艶ssor　of　Molecular　Epidemiology　of　Emerging　Infbctious　Diseases，

Department　of　Pathological　and　Preventive　Veterinary　Science，　The　United　Graduate

School　of　Veterinary　Science，　Yamaguchi　University，　Japan，　Honorary　Profbssor　of　the

Mongolian　State　University　of　Agriculture，　Ulaanbaatar，　Mongolia，　and　a　Visiting　Profbssor

of　the　National　Research　Center　of　Protozoan　Diseases，　Obihiro　University　of　Agricultu，re

and　Veterinary　Medicine，　Japan，　fbr　his　invaluable　guidance，　excellent　and　continuous

supervision，　encouragement，　patience　and　understanding　throughout　my　study　and　other

kind　helps　he　gave　me　during　my　stay　in　Japan．　This　study　would　not　have　been　possible

without　the　many　generous　gi丘ofhis　time　and㎞owledge．

　　　　　　My　highly　appreciations　and　heartfblt　sense　of　gratitude　are　extended　to　my　co－

supervisor，　Profbssor　Dr．　Hiroshi　Sato，　Laboratory　of　Veterinary　Parasitology，　Faculty　of

Agriculture，　Yamaguchi　University，　fbr　accepting　me　as　a　PhD　student　under　his

supervision　and　critical　review　fbr　the　PhD　dissertation．

91



　　　　　　Avery　special　ac㎞owledgement　is　given　to　Pro飴ssor　Dr．　Akikazu　F両ita，

Department　of　Veterinary　Pathobiology，　Kagoshima　University　and　Profbssor　Dr．　Atsushi

Miyamoto，　Depa質ment　of　Veterinary　Pha㎜acology，　Kagoshima　University，飴r　their

critical　review　and　the　PhD　dissertation．

　　　　　　My　deepest　gratitude　to　my　co－supervisor，　Associate　Profbssor　Dr．　Tatsuya　Tanaka，

Laboratory　of　Emerging　In色ctious　diseases，　Department　of　Frontier　Veterinary　Medicine，

Kagoshima　University，　fbr　his　excellent　supervision，　cordial　guidance，　and　invaluable

comments　and　suggestions　on　this　study．

　　　　　　Iwould　like　to　give　special　tha血s　to　Post－doctoral　Researchers　Dr．　Min　Laio，　Dr．

Damdinsuren　Boldbaatar，　and　Dr．　Rika　Umemiya－Shiraf吋i，　Kagoshima　University，　fbr　their

excellent　advice　and　tireless　cooperation，　constructive　criticisms，　tec㎞ical　supPo丘s，　critical

reading　of　manuscripts，　continuous　encouragement，　and　sincere　help　in　every　possible　way

during　my　stay　in　Japan．　Special　thanks　are　also　extended　to　Associate　Profbssor　Dr．

Tomohide　Matsuo，　Laboratory　of　Parasitology，　Department　of　Pathogenetic　and　Preventive

Veterinary　Science，　Kagoshima　University，　fbr　his　kind　help　and　advice．

　　　　　　Avery　special　ac㎞owledgement　is　given　to　Ministry　of　Education，　Culture，　Sports，

Science　and　Technology（Monbukagakusho）fbr　granting　scholarship　to　pursue　my　study　in

Japan．　I　am　much　obliged　to　the　Japan　Foundation，　Japanese　Language　Institute，　Kansai，

Osaka，　fbr　their　important　role　in　materializing　the　scholarship　programme　fbr　me．

　　　　　　Cordial　thanks　and　appreciations　also　due　to　all　staff　of　Kagoshima　University　and

The　United　Graduate　School　of　Veterinary　Science，　Yamaguchi　University　fbr　their　kind

assistance　and　help　in　official　procedures　during　my　study．

92



　　　　　　Pro鉛und　ac㎞owledgement　must　be　paid　to　my　Pro免ssor，　Rector　Dr．　Tin　Ngwe，

University　of　Veterinary　Science，　Yezin，　Myanmar．　Without　his　constant　and　kind

encouragement，　positive　spirit　and　moral　support，　I　would　never　have　pursed　this　study．

　　　　　　Iwish　to　ac㎞owledge　the　special　debt　to　Directors　General　Pro角ssor　Dr．　Myint

Thein，　Ministry　of　Livestock　and　Fisheries，　Govemment　of　the　Union　of　Myanmar，飴㎜er

Rector　Dr．　Min　Soe，飴㎜er　pro－rector　Dr．　Saw　Plei　Saw，　and鉛㎜er　Pro色ssor　Dr．　Yi　Yi，

長）rtheir　sincere　motivation　and　encouragement　of　my　fUrther　study．

　　　　　　Iam　deeply　indebted　to　Managing　Director　Dr．　Hla　Hla　Thein，　Green　Field

Intemational　Co．，　Ltd，　Myanmar，　fbr　her　encouragement　and　kind　support　accomplishment

ofmy　study．

　　　　　　My　deepest　appreciations　are　especially　to　Mr．　Sugum　Kawano，　my　tutor　fbr　his

infinite　patience　and　continuous　help　in　numerous　ways　during　my　stay　in　Kagoshima．　I

owe　heartiest　thanks　to　Dr．　Remil　Linggatong　Galay，　Mr．　Sumihiro　Nakao，　Ms．　Ayumi

Tatsuta，　Mr．　Tom　Tanaka，　Ms．　Aiko　Kume，　Ms．　Yuko　Takazawa，　Mr．　Hiroki　Maeda，　Mr．

Hiroyuki　Konno，　Mr．　Kodai　Kusakisako，　Mr．　Hiroyuki　Mori，　as　my　graduate　s加dent　and　all

undergraduate　students　fbr　their　generous　and　helpfUl　cooperation　throughout　this　study．

　　　　　　Iwish　to　convey　my　profbund　and　sincere　gratitude　to　my　darling，　Dr．　Si　Lhyam

Myint　R）r　her　kind　and　continuous　encouragement，　enthusiastic　help　and　moral　support

throughout　this　study．

　　　　　　Last，　but　no　means　least，　the　love，　comfbrt，　tolerance　and　continuous　moral　support

of　my　father　and　mother，　the　family　of　my　elder　sisters　and　brothers　are　very　gratefUlly

ac㎞owledged．

93



Refbrences

1）．

2）．

3）．

4）．

Abrams，　J．　M．，　Lux，　A．，　Steller，　H．　and　Krieger，　M．（1992）．　Macrophages　in

Dro80助110　embryos　and　L2　cells　exhibit　scavenger　receptor－mediated　endocytosis．

Proc．　Natl．　Acad．　Sci．　USA　89：10375－10379．

Acton，　S．，　Rigotti，　A．，　Landschurtz，　K．　T．，　Xu，　S．，　Hobb，　H．　H．　and　Krieger，　M．

（1996）．　Identification　of　scavenger　receptor　SR－B　l　as　a　high　density　lipoprotein

receptor．　Science　271，518－520．

A麺amali，　M．　N．，　Bior，　A．　D．，　Sauer，　J．　R．　and　Essenberg，　R．．　C．（2003）．　RNA

interfbrence　in　ticks：astudy　using　histamine　binding　protein　dsRNA　in　the　fbmale

tickオ励かo〃2脚o〃28r’coη〃〃2．　Insect　Mol．　Biol．12，299－305．

Arenas，　M．1．，　Lobo，　M．　V．，　Caso，　E，　Huerta，　L，　Paniagua，　R．　and　Martin－Hidalgo，

M．A．（2004）．　No㎜al　and　pathological　human　testes　express　honnone－sensitive

lipase　and　the　lipid　receptors　CLA－1／SR－BI　and　CD36．　J．　Human　PathoL　35：34－42．

94



5）．

6）．

7）．

8）．

9）．

10）．

Baranova，1．　N．，　Kurlander，　R．，　Bocharov，　A．　V．，　Vishnyakova，　T．　G．，　Chen，　Z．，

Remaley，　A．　T．，　Csako，　G．，　Patterson，　A．　P．　and　Egge㎜an，　T．　L（2008）．　Role　of

human　CD36　in　bacterial　recognition，　phagocytosis，　and　pathogen－induced　JNK－

mediated　signaling．　J．　Immunol．181，7147－7156．

Boldbaatar，　D．，　Sikalizyo，　Sikasunge，　C．，　Battsetseg，　B．，　Xuan，　X．　and　Fゆsaki，　K．

（2006）．Molecular　cloning　and　fUnctional　characterization　of　an　aspartic　protease

倉om　the　hard　tick魚例｛％g1那α1’510ηg’oo翻5．　Insect　Biochem．　Mol．　Biol．36，25－36．

Boldbaatar，　D．，　Battsetseg，　B．，　Matsuo，　T．，　Hatta，　T．，　Umemiya－Shiraf吋i，　R．，　Xuan，

X．and　F円゜isaki，　K．（2008）．　Tick　vitellogenin　receptor　reveals　critical　role　in　oocyte

development　and　transovarial　transmission　ofβαわθ5∫o　parasite．　Biochem．　Cell　Biol．

86，331－344．

Boldbaatar，　D．，　Umemiya－Shira」呵i，　R．，　Liao，　M．，　Tanaka，　T．，　Xuan，　X．　and　Ft噸isaki，

K．（2010）．Multiple　vitellogenins　ffom　the　Hα8脚ρ勿5α1な10ηg’co7η∫8　tick　are

cnlcial　fbr　ovarian　development，　J．　Insect　Physiol．56，1587－1998．

Borovickova，　B．　and　Hypsa，　V．（2005）．　Ontogeny　of　tick　hemocytes：acomparative

analysis　of伽o虎∫ア’c加〃5　and　Orη肋o∂ヒ）ro5　zηo〃わo’α．　Exp．　Appl．　Acarol．35，317－

333．

Ceraul，　S．　M．，　Sonenshine，　D．　E．　and　Hynes，　W．　L．（2002）．　Resistance　of　the　tick

Dε朋αc8〃’oF　v副αわ〃∫5（Acari：Ixodidae）fbllowing　challenge　with　the　bacterium

E5c舵r勲’o　co1’（Enterobacteriales：Enterobacteriaceae）．　J．　Med．　Entomol．39：376－

383．

95



11），

12）．

13）．

14）．

15）．

16）．

17）．

Cociancich，　S．，　Bulet，　P．，　Hetru，　C．　and　Hoffmann，　J．　A．（1994）．　The　inducible

antibacterial　peptides　ofinsects．　Parasitol．　Today　10，132－139．

de　la　Fuente，　J．，　Almazan，　C．，　Blouin，　E．　F．，　NararOo，　V．　and　Kocan，　K．　M．（2005）．

RNA　interfbrence　screening　in　ticks　fbr　identification　of　protective　antigens．

Parasitol．　Res．96，137－141．

de　la　Fuente，　J．，　Almazan，　C．，　NararU曾o，　V．，　Blouin，　E．　F．，　Meyer，　J．　M．　and　Kocan，　K．

M．（2006）．Autocidal　control　of　ticks　by　silencing　of　a　single　gene　by　RNA

interfbrence．　Biochem．　Biophys．　Res．　Commun．344，332－338．

de　la　Fuente，　J．，　Kocan，　K．　M．，　Almazan，　C．　and　Blouin，　E．　F．（2007）．　RNA

interfbrence　fbr　the　study　and　genetic　manipulation　of　ticks．　Trends　Parasitol．23．

427－433．

Dinguirard，　N．　and　Yoshino，　T．　P．（2006）．　Potential　role　of　a　CD36－like　class　B

scavenger　receptor　in　the　binding　of　modified　low－density　lipoprotein（acLDL）to　the

tegumental　surface　of　3c痂5’050脚脚η30η’sporocysts．　Mol．　Biochem．　Parasitol．

146，219－230．

Dolp，　R．　M．（1970）．　Biochemical　and　physiological　studies　of　certain　ticks

（lxodoidea）：Qualitative　and　quantitative　studies　of　hemocytes．　J．　Med．　Entomol．7，

277－288．

Elomaa，0．，　Kangas，　M．，　Sahlberg，　C．，　Tuukkanen，　J．，　So㎜unen，　R．，　Liakka，　A．，

Theslefら1．，　Kraal，　G．　and　Tryggvason，　K．（1995）．　Cloning　of　a　novel　bacteria一

96



18）．

19）．

20）．

21）．

22）．

23）．

binding　receptor　structurally　related　to　scavenger　receptors　and　expressed　in　a　subset

ofmacrophages．　Cell　80，603－609．

Endemann，　G．，　Stanton，　L．　W．，　Madden，　K．　S．，　Bryant，　C．　M．，　White，　R．　T．　and

Protter，　A．　A．（1993）．　CD36　is　a　receptor　fbr　oxidized　low　density　lipoprotein．　J．

Biol．　Chem．268，11811－ll816．

Febbraio，　M．，　Hajjar，　D．　P．　and　Silverstein，　R．　L．（2001）．　CD36：aclass　B　scavenger

receptor　involved　in　angiogen．esis，　atherosclerosis，　inflammation，　and　lipid

metabolism．　J．　Clin．　Invest．108，785－791．

Fujisaki，　K．，　Kitaoka，　S．　and　Morii，　T．（1975）．　Hemocyte　types　and　their　primary

cultures　in　the　argasid　tick，0禰功040ア05〃20〃伽αMurray（lxodoidea）．　Appl．

Entomol．　Zool．10，30－39．

F円’isaki，　K．（1978）．　Development　of　acquired　resistance　precipitating　antibody　in

rabbits　experimentally　infbsted　with　fbmales　of　11∂例gρ勿5α1’5　10ηg／co7η’8

（Ixodoidea：Ixodidae）．　Natl．　Inst．　Anim．　Health　Q．（Tokyo）18，27－38．

Fujisaki，　K．，　Kawazu，　S．　and　Kamio，　T．（1994）．　The　taxonomy　of　the　bovine

跣ε〃θア’oSpp．　Parasitol．　Today　l　O，32－33．

Gillespie，　J．　P．，　Kanost，　M．　R．　and　Trenczek，　T．（1997）．　Biological　mediators　of

insect　immunity．　Annu．　Rev．　Entomol．42，611－643．

97



24）．

25）．

26）．

27）。

28）．

29）．

30）．

31）．

Gong，　H．，　Umemiya，　R．，　Zhou，　J。，　Liao，　M．，　Zhang，　H．，　Jia，　H．，　Nishikawa，　Y．，　Xuan，

X．and　F両isaki，　K．（2009）．　Blocking　the　secretion　of　saliva　by　silencing　the　Hly㍑6

gene　in　the　tick伽ε脚ρ勿5α11310ηglcor廊．　Insect　Biochem．　Mol。　Biol．39，372－381．

Gordon，　S．（2002）．　Pattern　recognition　receptors：doubling　up　fbr　the　innate　immune

response．　Cell　l　l　l，927－930．

Gough，　P．　J．　and　Gordon　S．（2000）．　The　role　of　scavenger　receptors　in　the　innate

immune　system．　Microb．　Infbct．2，305－311．

Greenwalt，　D．，　Lipsky，　R．，　Ockenhouse，　C．，　Ikeda，　H．，　Tandon，　N　and　Jamieson，　G．

（1992）．Membrane　glycoprotein　CD36：areview　of　its　roles　in　adherence，　signal

transduction，　and　transfUsion　medicine．　Blood　80，　l　l　O5－1115．

Gruarin，　P．，　Sitia，　R．　and　Alessio，　M．（1997）．　Fo㎜ation　of　one　or　more　intrachain

disulfide　bonds　is　required　fbr　the　intracellular　processing　and　transport　of　CD36．

Biochem．　J．328，635－642．

Gudderra，　N．　P．，　Sonenshine，　D．　E．，　Apperson，　C．　S．　and　Roe，　R．　M．（2002）．

Hemolymph　proteins　in　ticks．　J．　Insect　Physiol．48，269－278．

Hart，　K．　and　Wilcox，　M．　A．（1993）．　Dro8（励11αgene　encoding　an　epithelial

membrane　protein　with　homology　to　CD36／LIMP　II．　J．　Mol．　Biol．234，249－253．

Habeeb，　S．　M．　and　Abou　El－Hag，　H．　A．（2008）．　Ultrastructural　changes　in　hemocyte

cells　of　hard　tick　（∫かα10〃2脚6かo〃2α加∫’：Ixodidae）：amodel　ofβoc’11〃5

98



32）．

33）．

34）．

35）．

36）．

37）．

’加勘g／8η5’3var．’加崩gl8刀5’8　H　14；－endotoxin　mode　of　action．　Am－Euras．　J．　Agric．

Environ．　Sci．3，829－836．

Haworth，　R．，　Platt，　N．，　Keshav，　S．，　Hughes，　D．，　Darley，　E．，　Suzuki，　H．，　Kurihara，　Y．，

Kodama，　T．　and　Gordon，　S．（1997）．　The　macrophage　scavenger　receptor　type　A　is

expressed　by　activated　macrophages　and　protects　the　host　against　lethal　endotoxic

shock．　J．　Exp．　Med．186，1431－1439．

Huang，　M．　M．，　Bolen，　J．　B．，　Barnwell，　J．　W．，　Shatill，　S．　J．　and　Brugge，　J．　S．（1991）．

Membrane　glycoprotein　IV（CD36）is　physically　associated　with　the　Fyn，　Lyn，　and

Yes　protein－tyrosine　kinases　in　human　platelets．　Proc．　Natl．　Acad．　Sci．　USA　88，

7844－7848．

Huvenne，　H．　and　Smagghe，　G．（2010）．　Mechanisms　of　ds照A　uptake　in　insects　and

potential　of　RNAi　fbr　pest　control：Areview．　J．　Insect　Physiol．56，227－235．

Inoue，　N．，　Hanada，　K．，　Tsuji，　N．，　Igarashi，1．，　Nagasawa，　H．，　Mikami，　T．　and　Fuj　isaki，

K．（2001）．　Characterization　of　phagocytic　hemocytes　in　Or競加40ro3襯o〃わα1o

（Acari：lxodidae）．　J．　Med．　Entomol．38，514－519．

Ji，　Y．，　Jian，　B．，　Wang，　N．，　Sun，　Y．，　Moya，　M．　L．，　Philips，　M．　C．，　Rothblat，　G．　H．，

Swaney，　J．　B．　and　Tall，　A．　R．（1997）．　Scavenger　receptor　BI　promotes　high　density

lipoprotein－mediated　cellular　cholesterol　efnux．　J．　Biol．　Chem　272，20982－20985．

Jian，　B．，　de　la　Llera－Moya，　M．，　Ji，　Y．，　Wang，　N．，　Philips，　M．　C．，　Swaney，　J．　B．，　Tall，

A．R．　and　Rothblat，　G．　H．（1998）．　Scavenger　receptor　class　B　type　I　as　a　mediator　of

99



38）．

39）．

40）．

41）．

42）．

43）．

cellular　cholesterol　efaux　to　lipoprotein　and　phospholipid　acceptors．　J．　Biol．　Chem．

273，5599－5606．

Jongejan，　F．　and　Uilenberg，　G．（2004）．　The　global　importance　of　ticks．　Parasitology

l29，S3－Sl4．

Kadota，　K．，　Walter，　S．，　Claveria，　F．　G．，　Igarashi，1．，　Taylor，　D．　and　F両isaki，　K．（2003）．

Molphological　and　populational　characteristics　of　hemocytes　of　Or競乃040π05

吻o㍑伽αnymphs　during　the　ecdysial　phase．　J．　Med．　Entomol．40，770－776．

Kato，　S．，　Ohtoko，　K．，　Ohtake，　H．　and　Kimura，　T．（2005）．　Vector－capping：asimple

method　fbr　preparing　a　high－quality　fhll－length　cDNA　library．　DNA　Res．12，53－62．

Kie色r，　C．，　Sumser，　E．，　Wemet，　M．　F．　and　Von　Lintig，　J．（2002）．　A　class　B　scavenger

receptor　mediates　the　cellular　uptake　of　carotenoids　in　Dπ05qψ∫1α．　Proc．　Natl．　Acad．

Sci．　USA　99，10581－10586．

Krieger，　M．，　Acton，　S．，　Ashkenas，　J．，　Pearson，　A。，　Penman，　M．　and　Resnick，　D．

（1993）．Molecular　Hypaper，　host　de艶nse，　and　atherosclerosis．　Structure，　binding

properties，　and　fUnctions　of　macrophage　scavenger　receptors．　J．　Biol．　Chem．268，

4569－4572．

Krieger，　M．　and　Herz，　J．（1994）．　Structures　and　fUnctions　of　multiligand　lipoprotein

receptors：macrophage　scavenger　receptors　and　LDL　receptor－related　protein（LRP）．

A㎜u．Rev．　Biochem．62，601－637．

100



44）．

45）．

46）．

47）．

48）．

49）．

50）．

51）．

Krieger，　M．（1997）．　The　other　side　of　scavenger　receptors：pattem　recognition　fbr

host　del匿nse．　Curr．　Opin．　Lipidol．8，275－280．

Krieger，　M．（1999）．　Charting　the　f法te　of　the‘‘good　cholesterol”：identi且cation　and

characterization　of　the　high－density　lipoprotein　receptor　SR－BI．　A㎜u．　Rev．

Biochem．68，523－558．

Ku㎞，　K．　H．　and　Haug，　T．（1994）．　Ultrastructural，　cytochemical，　and

immunocytochemical　characterization　of　hemocytes　of　the　tick　1詫04θ5　r’伽〃5（Acari：

Chelicerata）．　Cell　Tissue　Res．277，493－504．

Lackie，　A．　M．（1988）．　Haemocyte　behaviour．　Adv．　Insect　Physiol．21，85－178．

Lavine，　M．　D．　and　Strand，　M．　R．（2002）．　Insect　hemocytes　and　their　role　in

immunity．　Insect　Biochem．　MoL　Biol．32，1295－1309．

Liao，　M．，　Boldbaatar，　D．，　Gong，　H．，　Huang，　P．，　Umemiya，　R．，　Ha㎜oi，　T．，　Zhou，　J．，

Tanaka，　T．，　Suzuki，　H．，　Xuan，　X．　and　Fuj　isaki，　K．（2008）．　Functional　analysis　of

protein　disulfide　isomerases　in　blood　fbeding，　viability　and　oocyte　development　in

H2ε脚ρ伽α11510ηg’co翻5　ticks．　Insect　Biochem．　Mol．　Biol．38，285－295．

Ma㎜aras，　V．　J．　and　Lampropoulou，　M．（2009）．　Regulators　and　signalling　in　insect

haemocyte　immunity．　Cell　Signal．21，186－195．

Martin，　C．　A。，　Longman，　E．，　Wooding，　C．，　Hoosdally，　S．　J．，　Ali，　S．，　Aitman，　T．　J．，

Gutmann，　D．　A．，　Freemont，　P．　S．，　Byme，　B．　and　Linton，　K．　J．（2007）．　CD36，　a　class　B

101



52）．

53）．

54）．

55）．

56）．

scavenger　receptor，　fUnctions　as　a　monomer　to　bind　acetylated　and　oxidized　low－

density　lipoprotein．　Protein　Sci．16，2531－2541．

Matsuo，　T．，　Okoda，　Y．，　Badgar，　B．，　Inoue，　N．，　Xuan，　X．，　Taylor，　D．　and　F円’isaki，　K．

（2004）．Fate　of　GFP－expressing．E5c舵r∫o痂αco1’in　the　midgut　and　response　to

ingestion　in　a　tick，0用肋αメoア05磁o〃わo’α（Acari：Argasidae）．　Exp．　Parasitol．108，

67－73．

Matsuo，　T．，　Cerruto　Noya，　C．　A．，　Taylor，　D．　and　F円’isaki，　K．（2007）．

Immunohistochemical　examination　of　PDGF－AB，　TGF－beta　and　their　receptors　in　the

hemocytes　of　a　tick，07競乃040アoM20〃伽α（Acari：Argasidae）．　J．　Vet．　Med．　Sci．69，

317－320．

Medeiros，　L．　A．，　Khan，　T．，　El　Khoury，　J．　B．，　Hatters，　D．　M．，　Howlett，　G．　J．，　Lopez，　R．，

0’Brien，　K．　D．　and　Moore，　K．　J．（2004）．　Fibrillar　amyloid　protein　present　in　atheroma

activates　CD36　signal　transduction．　J．　Biol．　Chem．279，10643－10648．

Miyoshi，　T．，　Tsuji，　N，　Islam，　M．　K．，　Kamio，　T．　and　F円゜isaki，　K．（2004）．　Gene

silencing　of　a　cubilin－related　serine　proteinase　f士om　the　hard　tick漁8〃π卯勿3α1／5

10ηgたo翻8by　RNA　interfbrence．　J．　Vet．　Med．　Sci．66，147レ1473．

Moore，　K．　J．，　El　Khoury，　J．　and　Medeiros，　L．　A．（2002）．　A　CD36－initiated　signaling

cascade　mediates　inflammatory　effbcts　of　beta－amyloid．　J．　Biol．　Chem．277，47373－

47379．

102



57）．

58）．

59）．

60）．

61）．

Mulenga，　A．，　Sugimoto，　C．　and　Onuma，　M．（2000）．　Issues　in　tick　vaccine

development：identification　and　characterization　of　potential　candidate　vaccine

antigens．　Microb．　Infbct．2，1353－1361．

Muller，　W．　E．，　Thakur，　N．　L，　Ush”ima，　H．，　Thakur，　A．　N．，　Krasko，　A．，Le　Pennec，　G．，

Indap，　M．　M．，　Perovic－Ottstadt，　S．，　Schroder，　H．　C．，　Lang，　G．　and　Bringmann，　G．

（2004）．Matrix－mediated　canal　fb㎜ation　in　primmorphs　fヒom　the　sponge　3酌副’ε5

欲）朋〃ηo〃1αinvolves　the　expression　of　a　CD36　receptor－ligand　system　J．　Cell　Sci．

117，2579－2590．

Narasimhan，　S．，　Montgomery，　R．　R．，　DePonte，　K．，　Tschudi，　C．，　Marcantonio，　N．，

Anderson，　J．　F．，　Sauer，　J．　R．，　Cappello，　M．，　Kantor，　F．　S．　and　Fikrig，　E．（2004）．

Disruption　of我o∂255cgρ〃10r∫∫anticoagulation　by　using　RNA　interfbrence．　Proc．

Natl．　Acad．　Sci．　USA　101，　l　l41－ll46．

Nichols，　Z．　and　Vogt，　R．　G．（2008）．　The　SNMP／CD36　gene鉛mily　in　Diptera，

Hymenoptera　and　Coleoptera：Dro5gρ痂1α　加81αηogα5’εア，　D．　p∫θ〃∂∂oわ5c〃川，

ノ望η（ψ乃ε1ε59α〃め∫αθ，・4θoセ8αθ9γP”，ノ望1フ’8〃2ε11施rα，and万め01’z♂〃7　co5’αηθ〃〃2．　Insect

Biochem．　Mol．　Biol．38，398－415．

N月ho£A．　M．，　Taoufik，　A．，　de　la　Fuente，　J．，　Kocan，　K．　M．，　de　Vries，　E．　and　Jong（オan，

F．（2007）．Gene　silencing　ofthe　tick　protective　antigens，　Bm86，　Bmg　l　and　subolesin，

in　the　one－host　tickβoqρ乃ノ1〃∫癬crρρ1〃5　by　RNA　interfbrence．　Int．　J．　Parasitol．37，

653－662．

103



62）．

63）．

64）．

65）．

66）．

67）．

68）．

Ockenhouse，　C．　F．　and　Chulay，　J．　D．（1988）．1）1α5吻o（ノノ〃溺プ乙1cψαア〃刑sequestration：

OKM5　antigen（CD36）mediates　cytoadherence　of　parasitized　erythrocytes　to　a

myelomonocytic　cell　line．　J．　Infbct．　Dis．157，584－588．

Ockenhouse，　C．　F．，　Magowan，　C．　and　Chulay，　J．　D．（1989）．　Activation　of　monocytes

and　platelets　by　monoclonal　antibodies　or　malaria－infbcted　erythrocytes　binding　to　the

CD36　surface　receptor’ηv〃アo．　J。　Clin．　Invest．84，468－475．

Oquendo，　P．，　Hundt，　E，　Lawler，　J．　and　Seed，　B．（1989）．　CD36　directly　mediates

cytoadherence　of1）1α5〃20611z〃2ル1cψoπ〃〃z　parasitized　erythrocytes．　Cell　58，95－101．

Ottaviani，　E．，　Franchini，　A．　and　Kletsas，　D．（2001）．　Platelet－derived　growth　factor

and　trans恥㎜ing　growth魚ctor－beta　in　invertebrate　immune　and　neuroendocrine

interactions：another　sign　ofconservation　in　evolution．　Comp．　Biochem．　Physiol．，　C，

129，295－306．

Ottaviani，　E，　Malagoli，　D．　and　Franchini，　A．（2004）．　Invertebrate　humoral魚ctors：

cytokines　as　mediators　of　cell　survival．　Prog．　Mol．　Subcell．　Biol．34，1－25．

Oz，　H．　S．，　Zhong，　J．　and　de　Villiers，　W．　J．（2009）．　Pattem　recognition　scavenger

receptors，　SR－A　and　CD36，　have　an　additive　role　in　the　development　of　colitis　in

mice．　Dig．　Dis．　Sci．54，2561－2567．

Pearson，　A．，　Lux，　A．　and　Krieger，　M．（1995）．　Expression　cloning　of　dSR－Cl，　a　class

Cmacrophage－speci丘c　scavenger　receptor　ffom　Dア03qψ’1α溺81αηogα5婬．　Proc．

Natl．　Acad．　Sci．　USA　92，4056－4060．

104



69）．

70）．

71）．

72）．

73）．

74）．

75）．

76）．

Pearson，　A．（1996）．　Scavenger　receptors　in　innate　immunity．　Immunol．8，20－28．

Peiser，　L，，　Mu㎞opadhyay，　S．　and　Gordon，　S．（2002）。　Scavenger　receptors　in　innate

immunity．　Curr．　Opin．　Immunol．14，123－128．

Pereira，　L　S．，　Oliveira，　P．　L，　Balja－Fidalgo，　C．　and　Daffピe，　S．（2001）．　Produ．ction　of

reactive　oxygen　species　by　hemocytes　fヒom　the　cattle　tick　Boophilus　microplus．　Exp．

Parasitol．99，66－72．

Peter，　R．　J．，　Van　den　Bossche，　P．，　Penzhom，　B．　L．　and　Sha叩，　B．（2005）．　Tick，　ny，

and　mosquito　control－lessons　ffom　the　past，　solutions鉛r　the　fUture．　Vet．　Parasitol．

132，205－215．

Philip，　J．　A．，　Rubin，　E．　J．　and　Perrimon，　N，（2005）．　Dro5gρ乃∫1αRNAi　screen　reveals

CD36family　member　required　fbr　mycobacterial　infbction．　Science　309，1251－1253．

Raj　agopal，　R．，　Sivakumar，　S．，　Agrawal，　N．，　Malhotra，　P．　and　Bhatnagar，　R．　K．（2002）．

Silencing　of　midgut　aminopeptidase　N　of　5po∂∂μθπα1吻rαby　double－stranded　RNA

establishes　its　role　asβαo∫11〃5’乃副ηg’ε〃3／5　toxin　receptor．　J．　Biol．　Chem．277：

46849－46851．

Ramet，　M．，　Pearson，　A．，　Manffuelli，　P．，　Li，　X．，　Koziel，　H．，　Gobel，　V．，　Chung，　E．，

Krieger，　M　and　Ezekowitz，　R．　A．（2001）．　Dro5qψ11αscavenger　receptor　CI　is　a

pattem　recognition　receptor　fbr　bacteria．　Immunity　l　5，1027－1038．

Ramprasad，　M．　P．，　Fischer，　w．，　witztum，　J．　L．，　sambrano，　G．　R．，　Quehenberger，　o．

and　Steinber，　D．（1995）．　The　94－to　97－kDa　mouse　macrophage　membrane　protein

105



77）．

78）．

79）．

80）．

81）．

82）．

83）．

that　recognizes　oxidized　low　density　lipoprotein　and　phosphatidylserine－rich

liposomes　is　identical　to　macrosialin，　the　mouse　homologue　of　CD68．　Proc．　Natl．

Acad．　Sci．　USA　92，9580－9584．

Rasmussen，　J．　T．，　Berglund，　L．，　Rasmussen，　M．　S．　and　Petersen，　T．　E．（1998）．

Assignment　of　disul且de　bridges　in　bovine　CD36．　Eu．r．　J．　Biochem．257，488－494．

Saleh，　M．　C．，　van　R緬，　R．　P．，　Hekele，　A．，　Gillis，　A．，　Foley，　E．，0’Farrell，　P．　H．　and

Andino，　R．（2006）．　The　endocytic　pathway　mediates　cell　entry　of　dsRNA　to　induce

RNAi　silencing．　Nat．　Cell　Biol．8，793－802．

Savill，　J．，　Hogg，　N．，　Ren，　Y．　and　Haslett，　C．（1992）．　Thrombospondin　cooperates　with

CD36　and　the　vitronectin　receptor　in　macrophage　recognition　of　neutrophils

undergoing　apoptosis．　J．　Clin．　Invest．90，1513－1522．

Silverstein，　R．　L．　and　Febbraio，　M．（2009）．　CD36，　a　scavenger　receptor　involved　in

immunity，　metabolism，　angiogenesis，　and　behavior．　Sci．　Signal．2，　Issue　72　re3．

Sonenshine，　D．　E．（1991）．　Introduction．　In　Biology　of　Ticks，　vol．1（ed．　D．E．

Sonenshine），　pp．3－12．　New　York：Oxfbrd　University　Press．

Sonenshine，　D．　E　and　Hynes，　W．　L（2008）．　Molecular　characterization　and　related

aspects　ofthe　innate　immune　response　in　ticks．　Front　Biosci．13，7046－7063．

Stua丘，　L　M．，　Deng，　J．，　Silver，　J．　M．，　Takahashi，　K．，　Tseng，　A．　A．，　He㎜essy，　E．　J．，

Ezekowitz，　R　A．　and　Moore，　K．　J．（2005）．　Response　to　8ゆ勿10cocc〃5α〃泥〃8

106



84）．

85）．

86）．

87）．

88）．

requires　CD36－mediated　phagocytosis　triggered　by　the　COOH－te㎜inal　cytoplasmic

domain．　J．　Cell　Biol．170，477－485．

Sun，　B．，　Boyanovsky，　B．　B．，　Connelly，　M．　A．，　Shridas，　P．，　van　der　Westhuyzen，　D．　R．

and　Webb，　N．　R．（2007）．　Distinct　mechanisms飴r　OxLDL　uptake　and　cellular

trafHcking　by　class　B　scavenger　receptors　CD36　and　SR－BI．　J．　Lipid　Res．48，2560－

2570．

Svensson，　P．　A．，　Jo㎞son，　M．　S．，　Ling，　C，　Carlsson，　L．　M．，　Billig，　H．　and　Carlsson，　B．

（1999）．Scavenger　receptor　class　B　type　l　in　the　rat　ovary：Possible　role　in　high

density　lipoprotein　cholesterol　uptake　and　in　the　recognition　of　apoptotic　granulosa

cells．　Endocrinology　l　40，2494－2500．

Tomoyasu，　Y．，　Miller，　S．　C．，　Tomita，　S．，　Schoppmeier，　M．，　Grossmann，　D．　and

Bucher，　G．（2008）．　Exploring　systemic　RNA　interfbrence　in　insects：agenome－wide

survey　fbr　RNAi　genes　in　7ナ’わ01∫〃吻．　Genome　Biol．9，　R　l　O．

Ulvila，　J．，　Parikka，　M．，　Kleino，　A．，　So㎜unen，　R．，　Ezekowitz，　R．　A．，　Kocks，　C．　and

Ramet，　M．（2006）．　Double－stranded　RNA　is　intemalized　by　scavenger　receptor－

mediated　endocytosis　in　D705（～ρ乃’10　S2　cells．　J．　BioL　Chem．281，14370－14375．

Voolstra，0．，　Kie琵r，　C．，　Hoe㎞e，　M．，　Welsch，　R，　Vogt，　K．　and　von　Lintig，　J．（2006）．

The　DFo5g助’10　class　B　scavenger　receptor　NinaD－I　is　a　cell　surface　receptor

mediating　carotenoid　transport　fbr　visual　chromophore　synthesis．　Biochemistry　45，

13429－13437．

107



89）．

90）．

91）．

92）．

Whyard，　S．，　Singh，　A．　D．　and　Wong，　S．（2009）．　Ingested　double－stranded　RNAs　can

act　as　species－specific　insecticides．　Insect　Biochem．　Mol．　Biol．39，824－832．

Xu，　Y．，　Wang，　J．，　Bao，　Y．，　Jiang，　W．，　Zuo，　L，　Song，　D．，　Hong，　B．　and　Si，　S．（2010）．

Identification　of　two　antagonists　of　the　scavenger　receptor　CD36　using　a　high－

throughput　screening　modeL　Anal．　Biochem．400，207－212，

Yamada，　Y．，　Doi，　T．，　Hamakubo，　T．　and　Kodama，　T．（1998）．　Scavenger　receptor

鉛mily　proteins：roles　fbr　atherosclerosis，　host　defbnce　and　disorders　of　the　central

nervous　system．　Cell．　Mol．　Lifb　Sci．54，628－640．

Zhioua，　E．　R．，　Lebrun，　A．，　Johnson，　P．　W．　and　Ginsberg，　H．　S．（1996）．　Ultrastructure

ofthe　haemocytes　of1詫04θ∬α塑〃10r13（Acari：Ixodidae）．　Acarologia　37，173－179．

108



（別紙様式第3号）

学　位　論　文　要　旨

題

氏名 Kyaw　Min　Aung

目　Identification　and　fhnctional　characterization　ofclass　B　scavenger　receptor　CD36丘om　the　hard

　　　tick，」吻ε〃z叩1リノ3α〃310η9∫co7〃’3

　　　（フタトゲチマダニ由来クラスBスカベンジャー受容体CD36の同定とその機能の解明）

論文要旨：

　　　　　　　　Ticks　are　obligate　hematophagous　ectoparasites　of　wild　and　domestic　animals　and　humans．

They　are　considered　to　be　second　to　mosquitoes　as　vectors　of　human　diseases　and　are　the　most　important

arthropods　transmitting　pathogens　to　domestic　animals．　The　class　B　scavenger　receptor　CD36，　the　cell

surface　glycoprotein，　is　present　on　a　variety　of　cell　types，　and　mediating　innate　immune　responses　of　the

mammalian　and　insect　hosts　to　a　range　of　exogenous　pathogens．　However，　identification　and　fUnctional

analysis　of　the　class　B　scavenger　receptor　CD360f　arthropods，　including　ticks，　are　not　understood．　This

study　was　perfbrmed　to　characterize　novel　class　B　scavenger　receptor　CD36丘om　the　ovary　of　the　disease

vector，　Hαθ刑gρ勿3α1’310ηg∫coFη’3，　that　has　been　shown　to　be　linked　to　the　uptake　of　vitellogenin　in

oocytes．　Also　this　study　was　described　that　HISRB　may　not　only　mediate　the　uptake　of　dsRNA　but　also

play　essential　roles　fbr　systemic　RNA　interfbrence　and　the　granulocyte－mediated　microbial　phagocytosis　in

ticks．

　　　　　　　　In　Chapter　l，　H1∫R8　gene　was　cloned丘om　the　ovary　cDNA　library　of　adult　fbmale　H

loηg’corη∫3．　Cloning　and　characterization　of　H15R8　gene　showed　that　H15沢B　cDNA　was　2，908　bp，

including　an　ORF　encoding　of　506　amino　acids　with　a　pl　value　of　5．83。　H．10ηg∫60Fη’8　SRB　contains　a

hydrophobic　SRB　domain　and　fbur　centrally　clustered　cysteine　residues　fbr　arrangement　of　disulfide

bridges．　Deduced　amino　acid　sequence　has　an　identity　of　30－38％with　the　SRB　of　other　organisms．

RT－PCR　analysis　showed　that　mRNA　transcripts　were　expressed　in　multiple　organs　of　adult　ticks　but　with

adiffbrent　transcript　level　in　the　developmental　stages　of　H．10ηg’co7〃∫3　ticks．　His－tagged　recombinant

HISRB　was　expressed　in　E．　co1∫with　an　expected　molecular　mass　of　50　kDa。　In　Western　blot　analysis，

mouse　anti－rHISRB　serum　recognized　a　strong　reaction　with　a　50　kDa　protein　band　in　lysates　prepared
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丘om　egg　and　adult　tick　but　showed　a　weak　reaction　with　lysates　of　larva　and　nymph．　In　an　indirect

immunofluorescent　antibody　test（IFAT），　HISRB　antiserum　recognized　the　protein　located　on　the　midgut，

salivary　glands　and　ovary　of　partially　fbd　H．10ηg’corη’3　fbmales．　Silencing　of　the　H15R8　gene　by　RNAi

led　to　a　significant　reduction　in　the　engorged　fbmale　body　weight．

　　　　　　　　In　chapter　2，　H13R．8　mediated　the　uptake　of　exogenous　dsRNAs　in　the　induction　of　the　RNAi

responses　in　ticks．　Unfbd　fbmale」砿o例gρ妙3α〃310ηg∫corη∫3　ticks　were　irjected　with　a　single　or　a

combination　of」り．10〃g’cor所33R8（H1∫R8）dsRNA，　vitellogenin－1（H1㎏一1）dsRNA，　and　vitellogenin

receptor（H1㎏R）dsRNA．　We　fbund　that　speci負c　and　systemic　silencing　of　the　H1∫Rβ，」げ1㎏一1，　and

H1㎏R　genes　was　achieved　in　ticks切ected　with　a　single　dsRNA　of　H1∫Rβ，　H1㎏一1，　and　H1㎏R．　In　ticks

i切ected　first　with召7㎏一10r　H1㎏R　dsRNA　fbllowed　96　hours　later　with　H15児8　dsRNA（H1㎏一1／H157～βor

H1レ宮R／E15Rβ），　gene　silencing　ofH1∫Rβwas　achieved　in　addition　to　first　knockdown　in　H1㎏一10r召7㎏R，

and　prominent　phenotypic　changes　were　observed　in　engorgement，　mortality，　and　hatchability，　indicating

that　a　systemic　and　specific　double　knockdown　of　target　genes　had　been　simultaneously　attained　in　these

ticks．　However，　in　ticks　injected　with　H18RβdsRNA　fbllowed　96　hours　later　with、θ1㎏一10r　H1㎏R

dsRNAs，　silencing　of　111εRβwas　achieved，　but　no　subsequent㎞ockdown　in　H1㎏R　or　H1㎏一1　was

observed．　The　Westemblot　and　immunohistochemical　examinations　revealed　that　the　endogenous　HISRB

protein　was　fUlly　abolished　in　midguts　of　ticks　irOected　with　H15沢β／仔1㎏一1　dsRNAs　but　HIVg－l　was

normally　expressed　in　midguts，　suggesting　that」田㎏一1　dsRNA－mediated　RNAi　was　fUlly　inhibited　by　the

且rst㎞ockdown　of　H15Rβ．　Similarly，　the　abolished　localization　of　HISRB　protein　was　recognized　in

ovaries　of　ticks　i切ected　with、θ15沢8／θ1㎏R，　while　normal　localization　of　HIVgR　was　observed　in　ovaries，

suggesting　that　the　failure　to　knock－down　1／1㎏1～could　be　attributed　to　the　first　knockdown　ofH13Rβ．

　　　　　　　　Chapter　3　show　that　HISRB　plays　vital　roles　in　granulocyte－mediated　phagocytosis　to　invading　E．

co1’and　contributes　to　the　first－line　host　defbnse　against　various　pathogens．　Data　clearly　revealed　that

granulocytes　that　up－regulated　the　expression　of　cell　surface　HlSRB　are　almost　exclusively　involved　in

hemocyte－mediated　phagocytosis　fbr　E．　co1’in　ticks，　and　post－transcriptional　silencing　of　the

HISRB－specific　gene　ablated　the　granulocytes’ability　to　phagocytose　E「．　coll　and　resulted　in　the　mortality
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of　ticks　due　to　high　bacteremia．　This　chapter　was　perfbrmed　on　plasmatocytes　and　granulocytes　of　fbmale

H．10ηg∫co7刀’3　ticks　and　the　dotted　localization　of　native　HISRB　protein　was　detected　only　on　the　surface　of

granulocytes，　while　no　localization　was　observed　in　plasmatocytes，　suggesting　that　endogenous　HISRB　is

expressed　predominantly　in　granulocytes　of　H．10ηgたoπη’3．　Large　lobopodia－like　structures　were

observed　in　granulocytes　of　the　Giemsa－stained　smears　f士om　unfbd　and　partially　fbd　ticks　24　hours　af㌃er　E．

co1’ir噸ection，　and　many　E．　co〃bacteria　were　fbund　around　the　top　of　lobopodia－like　structures。　However，

no　lobopodia－like　structures　were　detected　in　granulocytes　ffom　RNAi－ticks　after　E　co〃ir噸ection．　Next，

the　granulocytes　of　H．10ηg’coFη’3　ticks　after　E．　co1∫i切ection　show　overt　populational　and　morphological

changes，　such　as　an　increased　number　of　granulocytes．　Phagocytosed　EGFP－expressing　E．　co〃（E－E．　co1の

was　fbund　only　inside　the　granulocytes，　strongly　suggest　that　granulocytes　are　almost　exclusively　involved

in　hemocyte－mediated　phagocytosis　fbr　E．　co〃in　H．10ηgたorη∫3　ticks．　It　was　shown　in　this　chapter　that

the　gene　and　protein　expressions　of　HlSRB　are　significantly　up－regulated　in　tick　hemolymph　after　E．　co〃

i切ection．　In　addition，　the　fluorescent　dots　showing　localization　of　native　HISRB，　detected　only　on　the

surface　of　granulocytes，　demonstrated　a　marked　lO－fbld　increase　after　E．　co1’injection．　These　results

indicate　that　granulocytes　up－regulate　the　expression　of　cell　surface　HISRB　in　response　to　exposure　to　E．

co1’，　most　likely　resulting　in　increased　HISRB　in　hemolymph．

　　　　　　　　In　summary，　to　the　best　of　our㎞owledge，　the　identi丘cation　and　characterization　ofHISRB　is　the

盒rst　class　B　scavenger　receptor　CD36　molecule　in　ixodid　ticks　and　HlSRB　may　not　only　mediate　the

ef飴ctive㎞ock－down　of　gene　expression　by　RNAi　but　also　play　essential　roles　fbr　systemic　RNAi　ofticks．

Additionally，　HISRB　is　fbund　to　play　a　key　role　in　granulocyte－mediated　phagocytosis　to　invading　E．　co1∫

and　contribute　to　the　first－line　host　defbnse　against　various　pathogens．　Collectively，　our　results　provide　a

comprehensive　contribution　to　studies　linked　with　the　development　of　control　measures　fbr　ticks　and

tick－borne　diseases．

（和文2，000字又は英文800語程度）


