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The　Asian　citrus 　psyHid，　D姓Pんσ厂ina　citri，　is　an 　important　pest、　as　it　transmits　a　se 垣ous

citrus 　disease，　Huanglongbing　or　greening　disease．　IL　is　widely 　distribu亡ed 　in　Asia

including　Japan，　and 　is　spieading 　intO。ther　citrus 　growing　regions 　worldwide 』 ．　citri
has　a　symbiDLic 　organ 　ca 且ed 　the　bacteriD皿 e，　which 　harborsしwo 　dtstimct　intracellular

symbionts ，　Candidatu．s　Carsonella　ruddii （Carsenella＿DC ，　Gα肌tna
ρ

roteobacterin ），　and

an 　undescribed
’
syncy しium　symbiont

’
〔SSDC，　BetaprOteObaCte厂ia）．　ThiS　dUal　SymbiO七iC

system 　is　poLenし｝aUy　a　promising　target　f，〕r　develop±ng 　effecttve　and 　hi冒hly　selectLve

pest　control 　methods ，　as　iし seems しo　play　erucial 　mles 　for　the　survival 　ofthe 　hoshnsecL．
「
ro　understand 　basics　ofthis 　symbiotic 　system ，　we 　determinedしheir　genome　sequences ，
f，）ILowed　by　biochemical　and　physiological　analyses　reLated　to　the　gene　inventOry、　The
extremely 　small 　genomc　of　Carsonelta−DC （174，014bp ＞app 巳ars 　Lo　be　speciahzed 　in

syntheslzing 　essen しiaL　amino 　acids 　that　are 　scarce 　in　the　phloem　sap ，ヒhe　sole　i〕od　of

匸he　host　ps｝・llid，　On しhe　oむherhand，　the　genσme 　ofSSDC 〔459，399　bp）encodes 　enzymes

fDr　synLhesizing 　apparent 皿 Dvel 　toxins，　which 　is　further　verified 　by　subsequen 匸

analyses ．　Our　results 　strongly 　suggest 　that　Cα厂sonelta −DC　and 　SSDC　are　nu しritional

and 　d∈fensive　symbiDnts ，　respeCtively ．
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Termites　hal・bol・diverse　gut−symbiotic 　microorganisms ，　at 　least　some

of 　which 　 are 　 strictly 　specific 　 to　their 　host　species ．　In　such 　 microbial

cemmunities ，　microevolution 　and 　the　resul 缸 ng 　microdiversification

may 　play 　an 　lmportant　role 　ln　their 　macroevolut1Qnary 　prQcesses ．
Here ，　we 　analyzed 　the　microdiversity 　of 　the　cel ！ulolytic 　protist

Pseu．dotricんoη、ympha 　g厂αssii　 and 　its　endosymbiotic ，　 nitrogen ・fixing
bacterium，　Candidatus閂Azobacterium　 pseudotrichonymphae 「’，　in
the　gut　of 　the　termite　Coptotermes／br肌 os α 照 s．　Single　cells 　of 　P．
g
．
rassii 　 were 　isolated　by　means 　of　micrDmanipulation ．　 and 　each 　cell

was 　subjected 　 to　whole 　genome 　amplif 正cation．　From 　these 　 samp 且es，
we 　 PCR ．amplified 　18S 　rRNA 　 gene 　 and 　an 　 rRNA ．ITS 　 region 　fbr　 P．
gl
・assii 　and 　 an 　 rRNA ．ITS　and 　 nif ・operon 　intergenic　region 　for　 the

endosymbiont
門
A ．　pseuelotrichony〃 ｝phae

’「
by 　using 　 a　proofreading

DNA 　pQlymerase ，　and 　determined　the 　sequences 、　Interestingly ，　these
sequences 　 were 　 completely 　identical　 among 　the 　 protist 　cells 　 in　 a

s 正ngle 　gut．　Thus，　the 　mierodiversity 　of 　the　protisしand 　it§ 1nn・acellular
symbiQnt 　was 　unexpectedly 　low ．　We 　hypothesize　that 　a　population

bottleneck　Df　the　gut　microbiota 　at　each 　colony 　foundatiQn　of 　the
termites 　maintains 　such 　an 　extremely 　IQw　microdiversity ．
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Termitcs 　harbor　d士verse 　 gut 　microbes 　for　 host 　 survivaL 　 Amon

琶

them ，　methanogens 　are 　consistently 　f‘〕und 　in　various 　termites　and

occasionally 　ecto ．　and 〆or 　endosymbionts 　Qf　certain 　celluloly しic　gut

protists．　 Because 　 of 　the 　 di丗 iculty 　 in　 cultivation 　of 　these 　protist−
associated 　methanogens ，　the 　details 　of 　their　phylogeny ，　morphology ，
and 　functions　1

’
emaln 　unclear ．　Here，　we 　performed 　phylogenetic

alld　TEM 　arlalyses 　of　the　methanogens 　associated 　with 　the　termite

gut　prDtists．　Methanogens 　were 　detected　with 　their　specific

autof 王uorescence ，　and 　the　protist　cells 　possessing 　methanogens 　were

collected 　 using 　a 　micromanipulator ．　 These 　 were 　subjected 　tQ 　whole

genome 　ampli 且ca 缸on，　and 　16S　rRNA 　genes 　were 　ampli 丘ed　by　PCR ，
cloned ，　and 　sequenced ．　Almost　all　were 　related 　to　Methanobrevibacter

fili！b厂rrlis，　 an 　 isolate　from　 termite 　gut　epitheha ．　The　sole 　 exception

was 　 that 　 reco ＞ered 　from　 the 　cells 　of 　a 　novel 　Mixotrieha．　 species ，　a
large　parabasahd 　protist．　This　phylotype　shared 　98 −99％ sequence

identity 　with 　Methanobrevibacte 厂 α 厂bo厂iphilus，　 which 　is　common

in　various 　anaerobic 　environments ．　In　the 　TEM 　 analyses ，　 we 　f‘〕冊 d

that 　the　M ．　fitif‘）rmis ．related 　symbionts 　were 　enclosed 　in　the 　host

membrane ，　while 　the 　M ．　 arboriphil 乙‘8．1ike　 symbionts 　were 　directly

in　cQntact 　 with 　 the 　host　 cyteplasm ．　We 　will 　discuss　the 　 symbiotic

associatbns 　between　these 　methanogens 　and 　the　protist　hosts．
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Methanogens 　as　well 　as 　acetogens 　are 　a　malor 　hydrogen　sink　in　termit．e　guts，
whereas 　an 　apparent 　absence 　of　me しhanogens　has　been　reported 　fd〕r 　some 　termite

colonies ．　Here　we 　compared 　hydrDgen　emissLons ，　colony 　parameters．　and 皿 etabolic

profiles　Df　the　termite　Neotermes　itoshunensi．s　between　presence　and 　absence　of

methanogens 　in　their　colonies ．　First，　a　total　of　138　colonies 　were 　examined 　by
specifie 　PCR　amptifica しion　of　the　 16S　rRNA 　gene，叩 ifluorescence　microscopy ，
and 　gas　chromatography ．　Methanogens’methanogenesis 　were 　deしec 亡ed 　from　lll

colenies （MET 　cobnies ）and 　not 　from　27　colonies 〔non ．MET 　colonies ＞．　Hydrogen
emission 　measurements 　showed しhere　were 　neither 　expected 　incr盟 ses 　in　non ．
MET 　colonies 　nor 　significan しdifferences　between　MET 　and 　non ・MET 　colonies ．
Given　that　a　previous　study 　has　dcmonstratcd　higher　acetate 　concentrations 　in

しhe　guts　of　non ．MET 　coLonies ，　hydrogen　could 　have　been　utilized 　by　acetogens ，
which 　 should 　provide　more 　energ

｝
・source 　for　the　ho5亡 termiむes．　Howev 巳r，　in

reality ，　a　mean 　weight 　of 呂oldier 　termites　was 　significantly 　lowenn　non ．MET
CQIOnieS ，　while 　metaboLDme 　anal ｝

・sis　indicated　a　gr巳at　difference　betWeen　MET
and 　nDn ．MET 　colonies ．　These　resu ［ts　suggest 　that　an 　absence 　of 　me しhanegens 　nQt

only 　represents 　an 　absence 　of 　methanegenesis ，　but　also 　causes 　a　poor　nutritional

status 　ofthe 　oDlonies 　possibly　due　to　the　diffeient　metabo 且ic　processes　in　the　guts．
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