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Analysis of the interactions between microorganisms and extracellular Fe-S
clusters as novel growth factors
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The aim of this study was to isolate and elucidate the physiolo?y of unknown
microorganisms that are difficult to culture and which cannot grow without an extracellular supply
of Fe-S clusters.
Cultivation from various natural environments were conducted in the presence of greigite (Fe3S4),
which has a similar crystal structure to Fe-S clusters. Microbial communities and isolates such as
acetogens and methanogens that showed growth promotion by greigite were successfully obtained. New
strains belonging to the phylum Verrucomicrobiota (new genus level), which are considered difficult
to culture and isolate were also successfully obtained.



¥ X C—19. F—19—1, Z—19 (@)

1. WFABMBYPIOLE R

REFDOL L OMAEMIL, ERENTHE - BB 2 Z LR CTH L, HERETHDLZ L
DB DO—o L LT, MOMAEMLEMINT X - ThH 2 5D RHKF-o4 FE Y E A BN
TG SN2V Z ERETEND, LvL, T X 5 RAREER S 288 % O BRESAEY
R LT-ANTIRIEFEE T, BEARLROND 2 &b REMAEM OB OBRZ 11 5 %
’E&7eoTb,

MZERFEILI N E TOMFRIC LY | Wbk D —TETH D 7T A A M(FesS)MN A X HEHD
R 2 et 2 AEHEEE2 D, BN 2 E LS ESEA 2 L 2WLMNI LY, T4
A M. ZTOREREBEERICEMN L OBA A T 7 T AL — TS THEU LI-#EEZ /A LTV D
ZEMG, PIMOEMIIREFRD T T A A N ORI BRGA AT 7 T AKX —%H
ZELTWEEHESNLTWNS 2

KIGED X 5 72T WEAEMIZBNT, kA AT 7 TAX =L, 81 A VRTOLHEHOMNR
BHRIZIC LY denovo B END Z ENFIBNT WS, & LTI, H HREOMIE I TMIMITE
ETHEAFT I T AE — % ZOREE R -T2 E FEBER Y IARBIFHTE 5 2 & BN
ENTWDH3, ZOLIIT, WEBCL D8RI 7 AX—ORY AL BB LE TH D AlHE
WRDDHDOD, ZEFEFE LIBFITIEF IR Hi, BARRE T ORGeMAEmEZ 38 & Lz
MEXINE TSN TV, ZOZ LD, REEEBEMOTIZIE, M A V7 T AZ—%
AN BED AT Z & TLOFTHETE RV L ONFE L, 1 5 0BT D H 138k 1
T T AE —ERUNHIE TE CWRNWED EEZT, TOX I RMEMTH- T, $k1 4
U0 T AR =N T E DRI BL 2L T, ZHE TRARETH o 2554 & HEEN
T&, ABLOMBNC SR N DR FIREIC /2 D & ]I LTz,

2. HIEEDOEB

AWFFED BENE, WY OMBIMIAFET 284 40 7 7 2 X =B AEMOIHE % X 2 54 <
FLWKTCThD I EERL, ZIURAE U THEIAT D RMMBEW 2 %50, HEE, AFRAE
B L OHIEOHIE AN 2 L35 2 & Th 5.

BrA T D7 T AL —ITHEEIE DL L T D EALEE( T T A TA NDOTFE T T, BEFD
AR 2 AR L. MR O8A 4 T 7 T A X —(KIFHIZIEHET 5 0Bl 72 i A 9 % S
T5, ELTEDL I RMAEMDERE WRENAIA T H~T 47 ZA%D 5 UCTHREYT 5
LT, MRSMIAFET 28 A AV 7 T RAZ —PAE O E 2 b e — LT 52 LW
HWIER 7 Ch D Z L 2T, AT, EXEFAICET D & O B Em OBS & A BRI 217
76

3. B FHk

(D) 7T A4 HA M L0 BEFEIMEE SN 2 BEWREE O BUS & fZbT

ALERNIFET D £ B 2 D DR B OKH 8, AR WK &) &2 72 AEmIR
L L. T4 A DOFET CERBEESITo -, IOV ERSEINE, BIOEESREE2E
LS ZERRAEDIRD O R D EEE SRR 25T, 774 T4 NEBEHROFIE X
DA LTe, 774774 Mz U U BRREHRH CHEANTMEN S 5 Z & T, HFEEEE O Ry
O 2Tz, FliA OPKEREHROMAEMIREZ . 774 74 b (IRIEE 20 g/L) . £7213,
ORI 2 N U 7o AR A VN JRSESREE S (Ho4C0,, EEER 80:20) 38 L UMER SR 51
(Fif £ 7713 % ) —)V) CTHEREEE BB, 20~60C) L7z, I 4 A ML ARED RO
ik, BEEOEFENELSE I/ a~ 7T 7 4 —IC L AREIED (X & v iR E) DFE
BIC L VITo7-, HEEEEY OB EMBITIZ. 16S rRNA &5 T V3-V4 fEIk A xtg & L=kttt
—r 7 (MiSeq 721 iSeql00) IZ &L W7~ 7=,

(2) 7T A A MLV HEFEDEE S 5 A O BiLEE

FREQD) THE OB EY . £ ITERERTO T ORI ZMAEDIRE LTHW, 7940
A M X DR 2 RS O BB EZ T o 7o, BBEEEE TR, 79404 PR, BRON
ZOMEM ZWIN L T2T H—572137 7 T L A Wiz, TR EN7cam == big
EEREEL, REEX Yy 77 2 T4 = a v &iTol, HEFEOWMAEWEZ, 77474 bD
BN EZA TR L, 8k A0 7 T 22 —OMHGIT X 2 AR R 2 MRk LTz,

(3) HUpRsNERA A D 7 T 2 X —(KAFVE DKL

HEECXTMAEME G, 774 A NOGHEOFES, BEAMOMAY & o3Lh%, £ LT
B RIS OMAERMIERZITV, BN A A0 7 T A X — % FRT 2 DOV TR
L7z, fifpstgkA 4w 7 5 A2 —OF| I B R BRSO EZ B E LT, Mast
A AT T T AL —AKAIF BT e R T DA DT ) DD — v o TR T o, b
WA ) DRI NS | HIRANERA 7 7 5 A X —DEUABSRS, $kiA A X L3 7 B OS54
5 RREMED & B BAR T REDOHEE 25 ATz, WIS, (AR HBERICK LT, T A2 U T h—




LT (RNA-Seq) ZATV, MfaSEA A0 7 T 22 —OHE T TRID LA R 6N 58T
TEDRFIE 2Tz,

(4) BESR o> #ERE A BB TR O i A

TIATA ML DHGERETE S BRI OB R %2 LA S FOFikE %
A DY HEEROE 2 50 2R T FREMHICB WL 7T A4 A " bIEH L,
kémﬂ%@%ﬁ%&%@ﬁ%ﬁykﬁﬁmi5&@@%@%%*%@5@%@@%@%%&
ﬁéoﬁ&mmfi§<®ﬁ$%%$ﬁﬁ CTAHFHERBENTHD L TDd, KA
W TIRIEPEBR R FE~ DR )N wt %%#%ﬁ%i?&7x& %Lmbféﬁﬁ
ELRWATRENEEZ BB L, g é&%@(%_ﬁ&mmf)®%$%mﬁ¢5ﬁ§$&%
B0 ANDEREIT -T2, BRI, REHFEERR R LK R O T A2 I3 2 FiE Y B &
OFEAE LT b KB 2 0 fRIC L 0 BRLBRET 2R TE 28 LR E 21T - 72,

4. BFEERE
(D) 74 A M XY BEENEE SN DAY REE OTUS & fifhT
HRBRSE SR DOAEDIN S, 7T A4 HA NMEE T CHFERE 2 R 3184 OERE & HBER &
EAToTlz, 9. KHEEEE, BARTEE WIEKRZ EOKEENS, 774 T4 MFETFTHE
FEETRZATV., 774 A MK AHTEORE L H~ DB A2 E LT,
WP OBREEY TV AR L2 T
b, BN RELI T, /T4 A | [ KEER RRERE
ﬁéﬁﬂﬁﬁﬁliﬁﬁﬁ@ﬁiﬁ@]%ﬁiﬁ %ﬂf:o 1 & W, +551H4 ®
L:7J<Bﬂj:%%ml/\f’—i%§ (%*ﬁ 3 {JC H ) @@J 1 O, +IEESENR ek
o, EREEEMOEEMRIT OMKE., » o, FINEL
THOREY 7 VRO REBRZEIC
BWTH, 774 T4 NRIREZIE, R
T 5 2 L ICHIER A (Acetobacterium,
Sporomusa, Clostridium7s &) D3M& 2 1B S
fELCW AR RN K 2), 774
A N2 U7z [E AR H |- O FBR 5L "
YIS DNYAREFE AT o T3, FFRIC .
e o e o 1 A PSR 5 . m . ¢ : - -
?E;::i%;?: ;;{éﬁﬁ{i %?i?gjui };; HEEF (days) 1EEES (days)
UV BERETE IR R C ORIHIR 2 B L 72 BRI X 1 75404 MM X 28R OKH H3%EH

BFESRE (mM)

BB (%106 cells/mL)

bElIZEINT, ey MSTIRFESAF) O¥EGiA~D %

(2) 7' TF A HA P LY HEFEIMERE S

% A o BB

J:?E%%t%ﬁ%‘ i 7:’_ (ifE@ﬁi#@{ﬁﬁ) 100% —— MetiSiosachny s ZOM(3%EKBAET)

b O HHEA AT RS R, 165 (RN BET oreg\- oo
~N— 2 T%%ﬂ @HE L tti&ﬁ"j{&b \TH [E]E % é b - e— - I: Treponema
/jf\‘ ‘jA %g 4;& ()] *ﬂ% N ED "LO 'ch ?»% 1&“ LT g 0% | Clostridium
Tepidibacter formicigenes (95%) <. ® "B ;:Z:f:;:?
Aquipluma nitroreducens (96%) 2Tk £ l . b | eosoctorium
e AR A - [ e
D, 2oL, 774 A4 MFET o
TR AR LT, E 1o, SR = ! #ﬂ e
75 BB L 7o 8k D% < 1%, BEAIORR & AH ’ I #7¢

FMEN & (B 21X, Clostridium
magnum strain FM5, FA[FME 99%), 7 Z s ﬁt::f’-j N=3 13, 3°/oLxxo>oruo;.;»rzT73.)
A A MFE T TE LW HEGHEE A R

L7= (11 3), B2 77 A A ST X 25 OKHE T3Ed Dk, 4t

W, WAEMOREERZ 70 VB SERESM) O #E~DOE
Bi, £ L CRiRREEICHER LEZ2 D5

R1. BIAORE LEBRBURL EREMEZRUI 3 BEER

Phylogenetic group

Strain Origin (Phylum) Closest relative (Similarity, %)
RP-51  Rice paddy soil Firmicutes Tepidibacter formicigenes (95)
RS-79  River sediment Bacteroidetes Aquipluma nitroreducens (96)
RP-103 Rice paddy soil Firmicutes Aneurinibacillus soli (97)

RP-309 Rice paddy soil Firmicutes Aneurinibacillus tyrosinisolvens strain LL-002 (96)
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