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AR 2 F= BERRAC T Wi 55 W 1) (Planctomycetes)
Synergistetes %5 " "% TF B B0 AL 0 B 4y
ZREME R0 B, Fuerst 32 H V7 %2 1 12
M5 HEEERE Y . Bk, BRIFEE M
A B U BIE VR B TR TR R A Ak A R A S X
TR AW B 2 AR R AT R
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Phycisphaerae 4 ¥ 4% 1y 44 b WSP, H fiy B 77 (1) Fi
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FUA . RETSHRAI 97 A A B AR
B TVED T ZAFAE T IRE I (3 2 508 %
99 B HE PR U PRSI B ) A . KB L)
IR AERURE 5 6 4 2 Al SR IR I S bt 7k &R
NI I FENE SRR R AR R R R R A
VAR A SCHRAE T 2% v BRI 20 B 5 vk AR B AR AL
TP KT 16S TRNA LK P8 ) R GE kK B 0 #r e

1 BB 77k

L1 EZRAFIFMNEE

Taq [ ~PCR 5] %) 55 4y 1 W 5000 1 4 J0 5 B 52
(Fas0) A3 B2 @), DNA 4l 4k 3k 77 & W B KM 2B 1k
BHEA WA A AR A h b ali. 5 2S5 Y
A7 12614 LST &0 8 #85 (H A , Olympus BX51
Je2E BT (H A 721 BLa] W4 6o FE it (R eR
= HTACHE) ) s Varian Cary 50 UV-Vis %8 484> 5%
RBEE (L), SAH 43 SP-6890 (111 4% £ 1 Hit 0T 4k T
AR BB A 3% Shimadzu LC-6A (H A%)
%,
1.2 EMESRESBERAE

PRASBORL 75 Y B i (35°C) shi B I 7K DR 44
AbFE UASB [N 4% o BRLIGYE (£10.1 g) FI PBS
1 2 0T VRS RS N B 10 mL R B R 1 D4R
B ST UKL VG Ve Hh 3R A9 IR AU AR W B U R
AR e 22 2 4 Ry U5 (0. 1 mmol /1) , 7] I ¥ i 4%

Fipi A 2% (20 mg /L) o GCAE) 43 25 15 35 48 T widdel
Brapa " MEAE AR &S (N,:COo, =
80:20, v/v) B ¥ AR RS FRIE KM P I AR, BRI
pH X 7.0 IiAi, BT 37C# N b IR, MW
(1343 15 Al Al » SR F UM 3R 9 7RG 3k B 7 o R IR T
R EE &Pl 58 4 B9 15 9% U7 5 ] 4k R 9% 5 R v 4l
LG (2% ) 1 Jy Bk I 40 )

1.3 S1E4 o

1.3.1 BE4KEE.pH.-NaCl i REMZEE K
i S R A K S R, 5 B B AR ) pH Ky
7.0 (9 W AR B 3R L, 4y BT 25°C . 30°C L 35°C .
40°C \45°C . 50°C .55°C J¢ 60°C i & 55 9% 5 W bk 4B K
pH =285, st H 1 mol/L NaOH ¢ 1 mol/L HCI i
PR IR LIS pH 4 5.5.6.0.6.5.7.0.7.5.8.0.
8.5 ¢ 9.0, T 37°C & 5 7% ; NaCl fif 52 5 55, 45 Fp
B A% NaCl 3 JEH 0%.0.5% 1.0% < 1.5% J%
2.0% (w/v) R 7R3 (pH =7.0) ,37°C T
6 B R IR U AR B R S - U AR S I R IR AN
KN, -CO, B AN N ad 577 B0 4 52 56 15 57
BRI N,-CO, B AAGIE JR 7o DL B S5~
172 41, ¥ LA 2 mmol /L 4 %5 # S 0. 01% 19 BF £ HX
WIAE A s 5 9K 600 nm R OD fH .

1.3.2 EMHF B REERE LB WS Y O
FFRER R TR IR BB S WA R R LA
X B0 K IR B 7R W ok e B R BT S N %
Tl B 8 1) 15 72 B o, BUE MR FE A 1 =5 mmol /Lo i
W) DA A A K v R S A W e A P
AR P HE AR o % R K ] Agilent 1200 15 208
A CHPLC) I 2 5 A6 I 4% 11 = 7 22 9 e A I 4% »
WEIA EDTA 45 £ (0. 05 g/L) , #i# 0.5 mL/min,
FEW 80°C o &L FI H TCD A M €8 3 £, 4 I 4
PR S R B 80°C, A I #% i 100°C, AT
50°C o A HLIR M eS8 FH R AT FID Az il 4% » 45 9 2%
PEAS AL = W 220°C, £ W 2% i JE 250°C, FE
150C o AR &6 Bl R #h 45 W 7 52 A R 1 5 56, 7
pH 7.0 B 37°C 4441, BL 2 mmol /L % % B A
0. 01% 1% BEFE I AE hg v 7 L A4, il IR 26 < B8 1R 46
R0 7t N Sl S R N ST DA S - o A P
T P AL i AT~ It IR A A6 R IR FE AR A o 2 7
R 4% AF - B AHZK Wi IE 1 mL/min, 25 7 4% £ OH-
30 mmol /L (/K B fi# 7= 2E) , i FEL 3R 75 mA, FE i
30°C .
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1.3.3 fAEHERMERI MERRENRE R
TS AR AT T H R B R RREER R
MER T HR HER AEE NEHER LR
F, W R M 50 mg /L, LL 2 mmol /L Hi % K J
0.01% FeRESE B AE R KW, T pH 7.0.45°C it
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Yo O 1 5l 4 A EUBIOF ()% % K 57 >
AGAGTTTGATCCTGGCTCAG < 3°), K [ 81 ¥ N
UNIV1492R (7 41 4 57 > TACGGYTACCTTGTTA
CGACTT <3°) « PCR X 41 % :95°C 9 min;95%C
40 5,50°C 30 s,72°C 2 min (3t 45 M) ;72°C
10 min. §~ PCR = ¥ H TIAN quick MiDi
purification Kit DNA 4fi{b il #] & aith. i Lg% )8
PR IR F) 58 O R . T 43P 81 T Contig
BAEDEEE g 0 5 B 7 4 F 7 4 B N GenBank
Hdfs B LE X A MEGA3. 1% 31 43 87 444 SR F 468
{7 7% 32 1 (NeighborJoining, NJ) ¥ i R 4 kK & W -
Oy IR KRR e M Bootstrap 7 vk HE AT VF A
Bootstrap & # % & 1000. 3% ¥& JB A7 Z% X
(fluorescence in situ hybridization, FISH) % ] i % B4
I 5 4L Pla46 (57> GACTTGCATGCCTAATCC <
3°), SEUR R AE S % ik (15 ], HYWE e (FA) WK 2N
30% (NaCl i 4 900 mmol /L) , 2458 Ui Ji K 46°C &

2 4R

2.1 HEEEKESHIE

Wbk VM207" b B4 14, 40 i ko (0.7 -
2.0) pm x (0.7 =2.0) pm, ANz 3, 5§44k
B, s [ B o 76 % 8 (1 mmol /L) J& % BE
FEE (0.01 %) fh A8 3k b, 45 1 -2 M A
BRI 1A (0 v VR R AR 3 IR B B Pk Al
ko 16S rRNA i 55 45 J K 1, B bk VM207" J& 1%

W T Plad6 $REF 2 AR W77 55 1 1] 4 4 B 3k A
B IR R L AN SCR Y JR A 2% 28 vk (FISH) of 4l ks
FERBEAT TN, 45 AN 1 PR, gk R R bR AL
TE 41 6 3 5 V7 B W 1 1RE R R & Plad6 137 5% 2 (8 5%
s BEHNX R AR TR &

P—— ,

1 E#k VM209" B2 B H 14 RIRE Pladé %
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Fig. 1  Fluorescence in situ hybridization of strain VM207 " with
Cy3-abled probe Pla46. A: phase-contrast micrograph; B:

fluorescence micrograph of the same field.

2.2 AN

Witk VM207" ™ s B4R, A K I Y 1L ol 35°C
—-50°C (fpi& 45°C) , pH Ju 4 6.0 —8.3 (Hi& 7.0
-7.5) , NaCl fif ZZ 35 H 4 0% - 0.5% (w/v, i@
0%) . Witk VM207" ZEK B8, (AR Ny 1 A H
Fidi (Viv, 10% #: 0 ) 5 R4 &0 AR vk LR K
E p,, N 0.3 day . B ER VM207" ) AR A
B0 F5 < W BESE HUA)  H BE A R ROl KR
B2 SURE T 200 s B R ROBE SR SRR i b
Tl 55 ) P SRR < T R AR R SR . AR VM209"
SR FORE S A e B A DL I 2K &= R AE b ik
VK. #AMEEE YL LM Hy, 1 mol
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ZiHE 2 IR AR B AR 1. 48 mol 2 K 5.92 mol),
Ha - B % 98% o 1% B AR AN fig R HI BL R R
0.1% i E AR .0. 1% & (G BB 4 4 2. 1
T A EIERH,/CO, (1 x10° Pa) ) TR FLIR N
SRENCTRE GRRE TR TR IR
WRMRE GEHRREE R L W S B
IEEESIE T WE 22 A R £R < 0 2R Wy« Ry I 4
#h /AR £ o PUAE SR 52 1 S5 L WY TR bk VM20-
T AR HHERIKKGEERBHER TN HE
YEE- 5 N TEAEIPUE RS I N E S Y YUEIN 3
o BER VM207" ASBEF A4 R 45 (5 mmol /L) <
R £k (5 mmol /L) R ARHE R & (2 mmol/L) « L i
fi (5 mmol/L) \Fe (III) K& = Z R EE (NTA)
(2 mmol/L) & WHi®E th (1 mmol/L) K 1524k,

PR ZE AN T S BE 52 U A D 9% R 1 AHA
0. 01% ¥ BFS2 ) W) 2 i PR AR R o i B AR 12 22
NEWi R C.o (63.14%) 10-meC,,, (19.33% ) K%
10-meC ., (11.65 %) -
2.3 REABEPNMEG+CEE

BkE VM207" (9 G + C & & 4 60.9 mol% .
16S rRNA JE[X 7 41 4 K 1450bp, GenBank % 5% 5 )y
AB558583. GenBank blast Lt 45 8 i (& 2) , H:
16S rRNA JEPR 2 41 55 V7 55 11 1) © 40 A1 1 26t A% i g
B, U 2 B O R BE v B (JF935188, AH Bl 4
99% ), IX L8 T [ £ EE ok {7 SR Ko i IR ATE A &
5. Witk VM207" 577 #1038 41/ AL
B W 8 —2F 5 /N /N L9 B (Pirellula-Rhodopirellula—
Blastopirellula, PRB) 4y 32 #8305, M AVEAE 82. 7% -

2|:H0t spring clone OPB17 (AF027057)
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Candidatus "Scalindua sorokinii" (AY257181)

Candidatus "Kuenenia stuttgartiensis" (AF375995)

E Candidatus "Brocadia anammoxidans” (AF375994)

B2 Bk VM209" 5EXMAEHER 16S rRNA EERE X EH

Fig.2 Phylogenetic tree of strain VM207" and related species based on 16S rRNA gene sequences. Bootstap values (1000 data resamplings) >

50% are shown. The 16S rRNA gene sequence of Chlorobium limicola (Y10642) (not shown) was used as an outgroup. Bar, 2% sequence

divergence.
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84. 3% Z 1], W] st 650 vy 40 8 000 TR kg R 2 /DS /)
#lJE. ( Blastopirellula marina, i 4 & Pirellula
marina) (KLY 84.3%) "1, i ' 1 g 20 /N BL I

(Rhodopirellula baltica) (AHA\PE 84. 1% ) "™ J& Hi
/N B (Pirellula staleyi) (ALY 82.7%) " .

YT 4N BB BE VM209" 53 2 (1) PRB 4y % 1) 168
rRNA [ 51 72 72 KT 15% » WOk H e 08 & 8 ds

44 4 Thermopirellula anaerolimosa o
3 ifig

A G AR I L ) S B0 A 28 n s 0

The VRV IR T A0 RE R OR S i RE R AR
7% AN BE LG L 20 0 B 1) & > Rk A 90 22 31w A
R B W )R, CIRIERIT 51 141
B U1 Planctomyces Phycisphaera %5 1 J& #F & 10 1 s
PR B AL A AR TS R AR E S TR
IHT AR o AV TR A Ok
Rk VM20-7" 7T R F 2 okl 2% 20 25 B < 22 20
KW AR B AR A e R A AR
SUREPE, DL A0 ), B8 B 1 mol 2 RE IR K
P g v 7 2B 4 mol S0 T A TR AR AT LUK 1 mol 4 %5
B4R 1. 48 mol L1} 5. 92 mol ", 1K & I

FRVR 7 (B 2 W % R AE 2R ) &0 i A AR

JEF TR, AT T — OB B il AU S AN VM20- TR RIE DT -
®1 EH VM207' 5ZBEHNEXAREOENSME
Table 1 Table 1 Phenotypic characteristics of strain VM207" and related genera within class Planctomycea.
Characteristic 1 2 3 4 5 6

Spherical to pear Ovoid to  pear Pear

teardrop  Ovoid  to  pear

Spherical to

Cell shape Ellipsoid-shaped
e shape shaped shaped shaped shaped tpsordshape ovoid
Motility - + + + + +
Temp for growth ND - 38 (27 - 17.7 -29.6 (20 ND - 32 (28 - 6 - 38 (30 -
35 -50 (45 -50 4-32 (15-26
(<) @5 =300 5 ~25) 30) (15-26) 5
6.0-8.3 (7.0 - 4.2-7.5 (5.0 -
pH (optimum) 7.5) ¢ ND ND ND 6.2) ( (7.3-17.5)
Range of NaCl (%
ange of NaCl (% _ 5 0.4-6.0 0-1.7 0.4-6.9 0-0.5 1.5-4.0
w/v)
. . . . . . . . Facultatively . X
Oxygen requirement Strictly anaerobic Strictly aerobic Aerobic Strictly aerobic bi ’ Strictly aerobic
aerobic
Anaerobic .
fermentation
Anaerobic
. + ~ - - - -
fermentation
Nitrate reduction - - - - + -
Sulfur reduction - ND ND ND ND ND
ajor ¢ : Cior Cppypr 10— Cigo C Cior C
Major (,fellu]dr 16:0 17:0 Crons Crono 160 e O Cions Crorne 16:0 16: 1v7e,
fatty acids MeCy., Caoiran, Ciriino Ciro
G + C content
60. 57 57.1 55 56.3 50.5
(mol% ) ?
Substrate
utilization :
Pyruvate - + + - - -
Glycerol - + - + - ND
Glutamate - + - - ND -
Glucose + + + + + +
Fructose + + - + _ _
Isolation source Anaerobic sludge Baltic sea Lake Marine Acidic wetland Marine

1. Strain VM207"; 2. Blastopirellula marina DSM 36457
5. Schlesneria paludicola DSM 19928™" ;

ND, no data available.

3. Pirellula staleyt DSM 606871 ;
6. WEVETF # IR H (Planctomyces maris) DSM 879722

4. Rhodopirellula baltica DSM 10527" 17 ;

+, positive, —, negative, =, weakly positive;
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B PR VM207" 55 4R G T S B 1 A BERE o LE B
W o, CATHY S R A AR A& 8 AR
G+C &R (55% -65%) (L fE 5 IR LK, T F
340 2 B 5 2 Tl B SRAE O SR o T B 3 G e e B
(1) 2 S0 & TR PR VM20-7 " 4 ¥ B 1A 1 0 91 4 1 DR A
Wo HAF&EMEIIHC I 10 & 16 Fii LY, iX
S LR L AR 2 BON I A . AR R B H
i, 4 bk Zie2 +Phycisphaera mikurensis " J ¥ VH
P37 3 IS W (Schlesneria paludicola) @1 Ik RN
S Ah s HAR BLE W T R I AR R WO BR
V207" () Rt -1 BF 5 I 5 1 1) A A 0 1 % R
NPTy AT G o JE T 16S rRNA JEK P
SN R GE R E 3 B Al 405 2 40 1 ) 16S rRNA I K]
Fe 50 5 4R E 1w ] RO R A AL A
82.7% —84.3% o Wiz Wk N i % i H KB WK
1 4 4 Thermopirellula anaerolimosa. T ¥k vM205"
A Dy 208 e 1A R SR O T [ R 2 g el 2B P wF 9
JIT ~ ATl A 40 R il O ik o o 7 il A ) A R
PP L AR 4 5 CGMCC 1.5169" = JCM 17478
=DSM 24165".
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Isolation and characterization of Thermopirellula
anaerolimosa gen. nov. , sp. nov. , an obligate anaerobic
hydrogen—-producing bacterium of the phylum
Planctomycetes
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Abstract: [Objective] To cultivate various yet-to-be cultured heterotrophs from anaerobic granule sludge, we used a
selective culture medium with low concentrations of substrates supplemented a variety of antibiotics. [Methods] An
obligate anaerobic, thermophilic, hydrogen-producing bacterium, strainVM207", was isolated from an upflow anaerobic
sludge blanket (UASB) reactor treating high-strength organic wastewater from isomerized sugar production processes.
[Results] Cells of strain VM207" are non-motile, spherical, pear or teardrop shaped, occurring singly’r as aggregates
(0.7 =2.0 wm x0.7 =2.0 um). Spore formation was not observed. Growth temperature ranges from 35 — 50°C
(optimum 45°C) , pH ranges from 6.0 — 8.3 (optimum 7.0 —7.5) , NaCl tolerant concentration ranges from 0% - 0. 5%
(w/v, optimum 0% ) . Nitrate, sulfate, thiosulfate, sulfite, elemental sulfur and Fe (III) -NTA were not used as terminal
electron acceptors. Strain VM207" utilizes a wide range of carbohydrates, including glucose, maltose, ribose, xylose,
sucrose, galactose, mannose, raffinose, pectin, yeast extract and xylan. Acetate and H, are the main end products of
glucose fermentation. The G + C content of the genomic DNA was 60. 9 mol% . 16S rRNA gene sequence analysis revealed
that it is related to the Pirellula-Rhodopirellula-Blastopirellula (PRB) clade within the order Planctomycetales (82.7 -
84.3% similarity with 16S rRNA genes of other known related species). [Conclusion] The first obligate anaerobic
bacterium within the phylum Planctomycetes was isolated with low concentration of carbohydrates and antibiotics. On the
basis of the physiological and phylogenetic data, the name Thermopirellula anaerolimosa gen. nov., sp. nov. is proposed
for strain VM207" ( = CGMCC 1.5169" = JCM 17478" = DSM 24165") .

Keywords: Planctomycetes, thermophilic anaerobic hydrogen-producing bacterium, 16S rRNA gene
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