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In-vitro evolution of endosymbiosis between an alga and a protozoan
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Using a 13-year culture of an experimental ecosystem composed of three
species (an alga, a bacterium, a ciliate), the evolutionary process of how an endosymbiotic
association can evolve between unassociated alga and ciliate. Specifically, we tested the following,

our original hypothesis using isolates of both species in the culture. “ Endosymbiotic associations
evolve between heterotrophic and photo-trophic organisms under resource-limited conditions produced

in a mature-stage ecosystem, by which they raise exchanges of essential resources (quantity and
quality) and reduce the dependency on the external sources such as bacteria for them.” The results
indicated that the ciliate, originally survived/reproduced by consuming the bacterium, received
essential resources of amino acids, vitamins, nucleotides, and sugars and became less dependent on
bacterial cells. These results support the above hypothesis.
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(D) AN AE DT, AMY AT LAREMORR LR AT LZ@E LTI L=y
FE2BHE L TOL EMOZEDEE /1 D—>Th 5. UL, HAERRIZARWAEBN L
DX D 7o HREIC L VMR AE 2 L S B 2 DIT O TIRIZ E A E 0o TV, Y
BT, ZOMHLEEEZHL ST D70, AR L UCEE (Micractinium sp. Fh
ime; LAF “/walLo”) , —RINEE - oG & U CHE (Escherichia coli ; LLF “K
WG~ ), ZIRIEEE & Ui (Tetrahymena thermophila ; AR “T ho7 v X F7)
O 3FETH SN D MERASAERRRET LV (LLT “CET~A 7 maX L™ ) eI, 134F
MR N T D472 (30°C, 12L:12D, FiEhsas, 2R SI3EIC 11, SRR ERN) .
COEWERERICBNT, MENICZ oL 72X ERBELET P T AT OHERE
AU, EEEEBHAARE A CIL AL AR BRI 70 v A ) (A N 36 A D FT I B B s (b 5 & & A3
R E7e (Nakajima et al. 2009) . Z DR TIE, ARBROFREMESMAME (HHfE
~OBFMAET N Y X ADGRRIC I D U A 7 VF— NI 0 ORI H e 22 &R
BENMMETT2) ICBITLTEY, 2O T B E Z=RICIT 2 2 HAEBRNEL -
BIHICARRIZD LB DN, ok, DEREAY LB RE YR OMIGNILE ] 0%
BRiE(IE, ZAvE CENINVE B OARMSEOMER DIC L DR HE—D LD TH S,

() 1MFEM DCET~ A 7 v 2 X AR TEMBICY > 7"V 7 ST AR 13 BB S R
fFENT. 7a L7 T N7 AFTRIOLARRIL, HRFAY & ERFELEDE OMEA
HEOEFTLE LT, SFEIFRFERICIMHT SN (Sano et al. 2009; Germond et
al. 2013; Nakajima et al., 2013, 2015) . F®HETHRESNT=7 0L T L THETHEEL
727 b7 b A3 ias (EEREETH, RIGWZR L) Shd &, 7 F 7 b A FITHMERESS
a5k E OIEEROYGAE LD b RMIFAEG L. ZogBishi kL) 7
VIBRT b T AT (rBERE R OLSERR) ICRIETIEMBIRIT, w7 v LI Rk L
FHREV L FEICTZT Ve — VBN T D2 EIC b EEZ BN (Germond

et al. 2013 ) .
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UWWERE RS T 2 i &7 N T v AT OITHER ST, B LR THBT HZ &
WIS o T2 (WX MERTOEMITT b7 v A TP IAAE LT B8y 8 L
THPEL CWesk B2 bn5) . ZOZ &L, 7ulb -7 o AFHAERICEBITST b
TEATIETRTOMEER WHET I /B ZIVRE) 27 InhbGTELT,

CET~vA 7 maX LB NIzt e LTHIE LIERBEICER SN R EDEER
WDIEH T Y A R E LT AT L TWEZ LA RB LTS, 20Xk 97, 4
FDOMEFFIC LB IR I RINBITAFAET D MHE IR A DOILAER D “WHEINBEPR &S
L2 5.
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(1) 7 hZ7 e AT ORBERMN (HMREERSEME) O

EERTERICHBEL 72T b7 v Ak (TC-20; MlND 7 v L ZIXREINT
RESNLTVD) . Tha 7L I RNFELRVWRETHIECTCEZ2&R (7 I /8,
EXI, X7 VAFVR, Jva—R) BRFETLHEOIC, Ka A EbE TR
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(1) 7 b7 & A F3BERE (TC-20) OHMESRICIIMNET X /BB EIESNHEE T
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Ja LT IMES R (A1-2, A1-3) L OREEETIHT T I 2 ORBABER L LTL
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AT 2 BRE M EICRMT D Lo b Le. Z ofERIE, WERELELO 22 HERA 8
FROAERERNDKAE TR SN DA T, EREEAMEEBREAHOB TL Y B
RBORWERZBE N ENT D EE2REL TS (Nakajima, 2021) .
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