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Endomicrobium J& (Elusimicrobia fq) OHIE 1L, a7 VBT ABANREELSEREO—DTH D,
Elusimicrobia f47>& 1% 2 FED RSP B H AT 0O M 23 BB R 38 S VTS 728, Endomicrobium B D% < 13
v 7 U B4 B RS R R A A OMBNEARTH Y . 2D ORI AR OREER S EITEN,
ZD71=% ., Endomicrobium J&HIBIP AR OMFZEIE DNA BEANC S W T T TW b, 2008 4EI2iX, a7l
BNFEAEM NY a=2 7 7 OMBNICIEAET D RE:2#% M “Candidatus Endomicrobium trichonymphae’ @
Rs-D17 %A (LLF Ri2008 £R) D7/ AEFIAMEFE Stz BT ORGSR, Rs-D17 RMAULITHZ e N B A4S
MEOK 2/31FEDS 7 A(FI 1 IMb) 2F B, 7 A RIS FHIESNTH 237 a— REGEFEDOK 16%705 8+
THoTZ ENBT ) M/NELBRRICH D Z ENRBEN TV, BTN S, Rs-DI7 RAAIL
ARG I FRIEY) T o 2 MO MR & 15 EHAEEW N B 2T 2 b VIS, HWFERICZ LT R BRSOl R 2 &
B AT AREI A D Z LRI TV, L L b Zubitg, MlaNELA Endomicrobium JEFNE D 7
J LELFIOME TS . D O4R - ARE - EBICBET AMRITER L TR T,

AL TIE, HEROFRMERED S ) 2EFNEFHICEE L, g 52T, Zova 7 U ENE SFEFO4
P AERE - M ORI R R E BEE L2, E£9°. LELO Rs-DI7 ZFEM ORI (BLF Ti2015 ¥k) O~/ L5542 E
A& B9 5 2 12k 0 BV T4 U722 8056 | Endomicrobium @AM ELAME T 5 7 7 Ltk
{bofEm % R4 2 L 2R RL7-, S50, HEFRED Endomicrobium JEMBAPNILAEME D4 /) LAFRFIZEE L., bt
W7 ) MR AT D 2 & T, L0 RV 28 TR oS ) Ao L@t 2 5T 5 2
EEREEEE LT,

PR U7z Rs—D17 RAEALD 2 B (Ri2008 & Ti2015) D ¥efaffk ik OEFIFAFRMEIL 98. 6% T, 1T & A EDHEIRT -
BREGORIEENMES LT\, & ZAM, 4k DNA (T 5 i Ic EZRm N R o, HIIRERR L
CRISPR/Cas ¥ AT Il 2 BRIZIB W TSI R AL A TE Y | 443K DNA (%95 Bh RS 23 JI R PN A2 1
Ebo TR LooH D EEZBND, —FH, MK THRRFSIL Tz CRISPR/Cas ¥ A7 AT, 100 fELL LD
ST A=Y —FFH] (S DNA Wih) MR CRR|ICRAL->TEY, ZOVATARBEHLTWEZ L, AL
RN AEME CTHDICHEDL LT, 4K DNA DIRAZZITHIT TWDZ EE2RB LTINS, ZAUTMEAIEA
MEE LTCEMDTORRTH D,

BT, FEUCEAE L BRI Endomicrobium BRIE O & ) L 4B O S B, 3 RFEROZ ) L EIChH,
ZE OHIRE R OBAG+ - BBl S BERER L R 575 CRISPR/Cas ¥ AT ANRTEMELTEY, a7 UIBHNJE
HEEOHMIENEAEERICE N TX, BELLFAEMORIERICMHML T, 77— Uk &0 RN ~MRAT
D7z, K DNA KT 2B 2 e 2 IR b S FIC, HOREMFTILERH D L EZLND,

AWFGETHHNC S ) LECH 2 BUS L7 RN 24 Endomi crobium JEHE 5 2L, TnFhBIFEDOT a7V
IENFEAE ORI AERTH L3, WIS A4 X8 1. 0Mb~1. 4Mb FREE & IFN B R ATER & T
INEL | BEEFESZEEATEY, BARAEFRRICULER - HEERELR RSB T 5, 7 L/ BRI
botme 7 MMENEATSTATHOZHI G, HEEL 20U U bHD N T o AR—Z—2FEALTEY ., BE
FAEMN S, KEOGREDTH D HEEOMEEZ T, BEICLIV XV —% 4T L L THEIND, £,
LELTCT I/ BEMBEOARICED DB 2B TR L CEBY . Endomicrobium BRI ELARIL, o~
o7 U Rk E T DA IERIZZ LOWERILEM OB - i OlEEE S LA b D, S HIT, b kbE
BEBBBICKBETARKLILETBL TV b, a7 UOREFR S LTHBAMIH L TWEEEZI LN,
—J, EHROBN B BHAERRMESC, thos a7 VIBNEAEDHIRNEANE (Ava~—Z 7 FalT
) NEoZEhEREERGTFREIIRE L TR LT, a7 UBRNILAER o ~—Z 72 ENE ok FERERERE
Fle7pnwe B b,

ZO XN, b R OMBANILAE Endomicrobium JEME X8 L2 AMEA - TWH B2 6N, —
FC, R, 7= UBREIE, T =7 OFM, MRS KRR SICED B ORE L BELbiciEE
BRE SN, FIOIERFAEEDEORB R & OB, RIREAT A MERE L OEELORBENS L
QAN

S BITARBFZE I, JFRAAED OHMIN TldZe <. MR A2 Endomicrobium J@HMIE & )6 TR A LT,




16S rRNA B FEANCES L S FRMEtTic k2 &, a7 VBN THRART S & 255 Endomicrobium J&
MEEHERRER L2, Tohbi b LizEE b5, 5%, MlRFRLERDF ) LS E ST 5

LT, a7 VBNEERORETH D, FAELY EMEOMIRILAEICONT, KVEMFERDDL ZENTE
DA,

8% - FSCEEIE, T3 2000 52 & 930300 554 1T ST 200, b L<IFE3C 800 5E 4 L iR L TS 72& vy,
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The genus Endomicrobium (phylum Elusimicrobia) is a dominant bacterial group in the gut of basal
termite lineages (order Isoptera). The majority are obligately intracellular symbionts of cellulolytic
gut protists; because they are unculturable, study of the endosymbiotic Endomicrobium has been conducted
based on their DNA/RNA sequences. In this study, to address their physiology, ecology and evolution, we
newly reconstructed several endosymbiotic Endomicrobium genomes and conducted comparative genome
analysis. These genomes were much smaller in size, compared to that of a free-living Endomicrobium isolate
and contained many pseudogenes; these Endomicrobium endosymbionts are in the course of genome reduction.
Nevertheless, they retained apparently intact, multiple defense systems against foreign DNA in their small
genomes. This strongly suggests that these endosymbionts are subjected to attacks by phages even in their
intracellular lifestyle.

I further analyzed these genomes, focusing on the metabolic pathways. The surveyed genomes
commonly have potential to take up monosaccharides that derived from cellulolysis by the host protist
and to synthesize amino acid and cofactors that are deficient in wood particles ingested by the termite
host. However, the repertoires of the genes and pathways involved in the amino acid biosynthesis,
glycolysis, TCA cycle, and cell wall biogenesis, were partly different among the endosymbionts. These
differences might be attributable to the host metabolisms and/or the presence of other, co—inhabiting
endosymbionts.

Additionally, we discovered Endomicrobium ectosymbionts of termite—gut protists and examined
their morphology, host specificity and phylogenetic positions. The identified Endomicrobiumectosymbionts
were polyphyletic, and each lineage constituted a monophyletic cluster with putatively free-living members
found from termite guts. This implies that the ectosymbiotic Endomicrobium lineages have evolved multiple
times from free—living lineages.

These results have significantly promoted the understanding of this dominant and unique bacterial
group, the genus Endomicrobium, in the termite gut.
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