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Clostridia /% Bacillota FHIZ B35, THECKIE, 158, BiVEILE SR~ 7R BREE D O A S 2 Al o0 JE R
D—DThHD, FFlcryoe b, a7 VELL OBROELEIZKIT 28 5RFEHEO—> T, BRMOE
WLV BEE~FEEEZME L, £, SEIEFREEWEERT D Z & CIHBNEREOEFEOHERICEB L T
LHLEZLNTWS, LovL, Bl LERN TEE T2 Clostridia AR RHAETZ < OREERFEEZEA TR
D . FDOLEEMECHERE I DUV TUIRIRA 22 53 % 0,

ZIETE L O Clostridia M N A SNGEH SN TE N, ZTOIFEAEPERAEFEN CTH-7-, Ll
a7 U EBRNEEAEY O SEME RO & B 15 L2 SB TFZE Tt W < 0 Clostridia MR R iH &
NTE T, 22 TERUETIE, v a7 VIBNRALEY D GRS 7z Clostridia MiHH B R 2 MR IZE
D JRESRMT & 7 7 DT 24T 5 Z & T A Clostridia MHIE & 18 TR A LM O RIFR %2 B 5 732 L Clostridia
MDA T 2R AT T 5 & &bz, BHAEE B ARA~E S E CotEiRfEOEH % B
L7z,

EFT a7 VU BNEAEYICIEA TS Clostridia MU O RFIILHRNE & 6 B Rl CORTEEZH L
MLz, FAEA 1 MREZ~A 7 u~=alb— g Ak BEEEL . M2, JERE4AY O 16S rRNA
B fEXE L Lz PCR 247528 T, 3 ZH?® Clostridia il 2/ H L7z, 55N 7-AE% % Eubacteriales H
Oscillospiraceae FIAOEREH SR RHEEICE L, BRAFHEAEL LT, Zhbd 3 Rizxtgi L L7z FISH
(fluorescence in situ hybridization) AT 21T -7 & 2 A, T BIFFEAEYOMIENIZIAE L TWD Z EBHL
MEIpoTs, TOREITHMEREIC L > TEEIE T, BERE S DL 00, MIERRICH L THAET
DHLOERR LT, MIEBFEDGRKI EICER A MEy A X13hZ 050 0.5-Tum, KEWHOE 1-2 um
FETHY, 3ZFEDIH 2 FITH A AR L Tz, FMERIEE L THMAEAETHY, vr 7Y
g =— 2 L CE R AR RE~ OB N B 5 TV,

WAZ 2 B ABIAN LA Clostridia B O 7 7 AEFT ATV, Z OAEBAREAHERI U7, JRA4Y 1 IR
A9 7% Clostridia fifiEMIAEZ ~ A 7 o~=tE 2L —3 a3 AZX W EI L, R4S/ A8 X D DNA %3
%, WK - HER— T =W TESIAESST 52 L T, 2 ZHROZEEES /) AESE 1 RO
KNZ 7 7 AERRFIOREEIZ ) LTz, 7/ LMENT OSSR, FIMEII@E L TF 2 A9 4 X036 1.0-1.3 Mbp 12
ETH/NL, BETIIERRL 7 2 /RO AR FICATP AL TERWI ENHL N ERoT2, F-vn
7V BNEAAEY OFRFILARE A & < FFo, EFEEEREIEE-0E T IF R A BB IR 1. AE 53 i B E
BEFIREENE ) oT2—F T, HEEEST I JBO NI o AR—F—_ ATP & ADP ORHlEATH S
ATP/ADP translocase AL Cu /=, X o T Oscillospiraceae £} TiZ, ATP Z&te. BEH THM TE RWERS
T2 IE EICHE Y AT D REMIRN AL A RIAERBHILL T D Z EBH LN E o T,

NET —F =2 LD ) AESE RO TRBIE L BRI 21T o 7c & 2 A, v a7 U EANIRALEY ORI
PN 4LZE Clostridia SAHIE X, FEEICS ) 50 A XHB/NE WV MAG  (metagenome—assembled genome : A % 4/ A
SKFRERL Y ) LB L HREEEE DL 072, TONEIRF ) AV A XD D ABFETILZ ORMEE%E small
genome clade (SGC) &4 L7z, SGCIZET 5 MAG iZt b, VX, KEEW), B, BB ELELEY
FEOMLEICHEK L, a7 VIBNEAEDOMIANITAER SRR, 72 BOMBEE. BREIRDIEE
NEEREB LT\, £72 SGC BT 5 AEM IRt 2 x4 & L7z FISH T OFE R, Zhvnidn—2
VIR R OMIENILERTH D Z ERH LN E R o7, 2B ORERED S RN A4/ R FI3EE Clostridia
HIAIES X > v 7 Y BN LIS O L AR 2B OTHALE IZ AR L, FRCRBEIIIZ W TIEAE h o fla i e A 14
THDHIENHLMNE o], Y ) LT & gene flux analysis DFER2HI1X., SGC TIXE D dmH st DBk
MG, ATP/ADP translocase D453, #HiD T I / BEA AHES® CRISPR/Cas Y AT ADHER, TV AKR—H —
DIERRMEDIR TN - o772 EHERI S TZ, £72 SGC IR T 5 RZMITENFNEAEL . —RICEREAEMIT
BRI L ESNDBIGFE2A LTV, FAEMEMEOSL X2 0k 5 REEYEEGFZ2 AW CEEOME Y 1
TRZTHT D2 LT HEEORER NG FHINEN THGET 2 2 L2 S5 TE Y HIEPNIEAE Clostridia
M IR W T B8 ZHBENERBE~OESIZE L TRIEEOERIE S & 5T D 2 L AVRIBE Tz,

SGC MU X, v a7 VBNOKRR LT, KAWL FOMLE, KREICAELETIHT A—\InbRHSR
T2 D, BEA RIRREREEICIEICAER T D EE 2 65, RTINS OREEN S < . BEEAEY-H
R OFERRIT, BMHEEEREREZBIEDERO—2THD I ENRINE,
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The Clostridia is a widely distributed bacterial class in environments including soil, water, and the animal gastrointestinal
(GD) tracts. In particular, it occupies a large part of the GI tract microbiota and is considered to nutritionally contribute
to the animal host. Although Clostridia are typically free—living bacteria, I and collaborators have identified
endosymbiotic Clostridia within cellulolytic protists in termite guts. These endosymbionts were observed within the
cytoplasm of the protists. The endosymbiotic Clostridia were classified into the Clostridium cluster IV within the family
Oscillospiraceae, and formed a monophyletic group. Their genomes were small in size (1.0-1.3 Mbp) and exhibited
signatures of an obligately—intracellular parasite, such as a lack of most biosynthetic pathways of amino acids,
nucleotides, cofactors, and systems to generate ATP. The phylogenetic analysis within the Clostridium cluster IV showed
that these genomes formed a clade with metagenome—assembled genomes (MAGs) mainly derived from the GI tracts of
other animals, including humans and ruminants. The MAGs shared the characteristics of parasites and fluorescent in
situ hybridization showed that the phylotypes derived from ruminants were endosymbionts of rumen ciliate, suggesting
that endosymbiotic Clostridia are widely distributed beyond termite guts. Comparative genome analysis and gene flux
analysis revealed that in the last common ancestor of this clostridial clade, several key events occurred, including the
acquisition of ATP/ADP translocase (an exchanger of ATP and ADP), a reduction in amino acid biosynthesis capacity,
the loss of the CRISPR/Cas system, and a relaxation of substrate specificity in transporters. In addition, the MAGs
possessed various regulatory genes typically found in eukaryotes, which may play a role in disrupting the host cellular
processes and adaptation to their respective host cell environments. These findings provide new insights into the
diversity of Clostridia, and the evolutionary processes that led to the emergence of energy parasites. They also highlight
the presence of parasitism within a symbiotic system in animal GI tracts.
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