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Specificity of Intact Ladderane Lipids in Anaerobic Ammonium Oxidizing

Bacteria from Four Reactors

WANG Han' ,FANG Fang'* ,LI Kai' ,XING Hui',GUO Jin-song'> , CHEN You-peng”,ZENG Qian-song'

(1. College of Urban Construction and Environmental Engineering, Chongqing University, Chongqing 400045, China; 2. Chongging
Institute of Green and Intelligent Technology, Chinese Academy of Sciences, Chongqing 400714, China)

Abstract ; Intact ladderane lipids are a special kind of phospholipids in the anammoxosome membrane of AnAOB. Phospholipid organic
mixture was exiracted respectively from four sludge samples in anaerobic EGSB reactor, aerobic SBR reactor, autotrophic nitrogen
removal SBBR reactor and anaerobic ammonium oxidation EGSB reactor. Phospholipid extracts of sludge were detected by the HPLC-
ESI-MS/MS method to determine the types of intact ladderane lipids, and the specificity of intact ladderane lipids was also analyzed, at
the same time, the bacterial community structure of autotrophic nitrogen removal SBBR reactor and anaerobic ammonium oxidation
EGSB reactor was determined by high-throughput sequencing technology. Analytical results of intact ladderane lipids showed that intact
ladderane lipids were not detected from anaerobic EGSB reactor and aerobic SBR reactor, and were detected from autotrophic nitrogen
removal SBBR reactor and anaerobic ammonium oxidation EGSB reactor. Five kinds of intact ladderane lipids were detected in the
phospholipid extract of sludge from autotrophic nitrogen removal SBBR reactor, and seven kinds of intact ladderane lipids were detected
in the phospholipid extract of sludge from anaerobic ammonium oxidation EGSB reactor. The results of high-throughput sequencing
confirmed that the autotrophic nitrogen SBBR reactor contained AnAOB of the genera Candidatus Brocadia and Candidatus Jeitenia, and
the anaerobic ammonium oxidation EGSB reactor contained AnAOB of the genera Candidatus Kuenenia and Candidatus Jettenia. These
results illustrated that intact ladderane lipids were the peculiar phospholipids in AnAOB.

Key words: AnAOB; intact ladderane lipids; phospholipid; high-throughput sequencing; reactor
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L1 SCRbR
1.1.1 il

IOk, SAEE, B, R B ikl
WL F Fisher 2 #l; &K (14.8 mol-L™") N {4 i
ali, W 3K T R T B BRA 2 1R A R A R R
ML, WK T Sigma-Aldrich 23 7 5 8RR R 2% vh
W (500mL s, TR 3K T ALt R AR
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Quickchem 8500 S2 i 2h 1 4 70 #r R 4 (W A ),
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1.2 FEACREE
1.2.1  JKJEHRES

F3BE 2d 3 S EUR 4 EGSB J R #% . 148 SBR
A, A IR SBBR K # SR A Z AL EGSB
N2 B E R KRR A 0 S0 e L TN, NH-N
NO, -N, COD S48t , S I —1 .
1.2.2 I5URFES

3N 4 B s TR G5 TR 29 5 ¢ F 50 mL
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TG & TR TR T 16 ~24h, 5 H.
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1.3.1 5K DNA A4

W VR T 0 H FR AL SBBR S s 11K 48
FE AL EGSB I #4815 JeFE i 0.2 g, H FastPrep- 1
RGP AR AT 7853 53 B, 48U W95 Je A i
Soil DNA Extract Kit (OMEGA ) 245 £ $2 Bt i5 Jé &
DNA , T e I E
1.3.2  {5RFES IR TR G W HR L

15 Ue e S B IRIR & W M IS % SOk [ 17 ~
23 | (4RIA, FE ARG A | B0, . ARG 4
AR AR S PR B IGT FE P  3 o3 28 BRI AT T 2k
HE. QR R 075 e AE & AR I 10 mL
5 mL 5 W BEF 4 mL B2 R 28 v, i =
HLLBI A 2:1: 0. 8 (RBIEL ) , FHAR = I 40 B b i L
AT VIR A R 15min,. @FFINA 5 mL G H ¢
5 mL BEERER O pi (T . A b IR R
SER LA 121209 (ARFL L) , A5 000 1+ min ™'
B0 10min. G B0 A5 AR B 2 00 W s <
HhOFE . 1O ~ QM REEBAE S KK
W 2 A LA R AR T B 38 A b, @D B
B TR PR GS  WR ARG VR T 1 mL IE Ok
LS NBERG R 40 1 (RFLEL) A AL 7L, 0. 45
wm AHLIEE S E , BT - 80°C kA Th & M, T PC
TSR e R I 5
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K H Quickchem 8500 S2 i 2h i 5 43 #r & Gl
SERUN g KFER) TN . NH, -N | NO, -NZ:45F5; %M
DRB200 Ji fiff i 5 43 0606 B2 5 W 5 B I i 7K A 1Y
COD; R TR K T 2 2800 7 45 S0 % Y
DO, pH, RS,
1.4.2 ARSI E

Z 4G I AR Y BE 25 B S D6 T AR T e
&L DNA #EA7 I . A Mlumina U7 F & MiSeq
PE250 MM FEAY, L 41 4 338F/806R 1E Jyid JH 514,
M7 A FEMEA SBBR KW #% FIR A2 E 1k EGSB J
i 25 T AR S A R TR (5 2.
1.4.3 5 e IR 32 B b PCOAY 57 HEBR B IR 1
i

15 IR IR LB PC S # BRI A6 I
BB CHR[10, 11, 18, 19, 24 | 3 , I 78 52 br
Mg SRR AT T — 2 esh. R w80 A €00 -
HA 5% 55 HR B — T DU 0 AT 5T 1% ( HPLC-ESI-MS/MS ) #f
TP 5E , BT 3 A Sk O R €0 T A (TR,
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30°C, HFFEI R 20 wL. SR PIFP L G570 BAY U
SIAHDEATRR EE VR, Hoh A AR EC /R
fit/ I 2/14. 8 mol-L ™" & /K (79:20: 0. 12: 0. 04, 1k
), B 41 & M. 5 W B/ 46 K/ /14,8
mol - L "' 27K (88: 10: 0. 12: 0. 04 , AR LL) , Wi shAH R
R 0. 25 mLemin =" BREEVER TSR H 4B 100%

A HFIBT 45 ming SRS HBCN 35% A 415 +65%
B 41817, #54E 20 min; )5 FIRE N 100% A 4]
A RV 5 1722 20 min. FUIS B TI6EH
HL 55 L I B 401 184 BRI AR Ay B
BT SR AL 1) BE B A F AL =, B fer LU (m/z) Al
T HIY 100 ~ 1 000. FZART A 21X gl in—4
TEHLA BT FE BRI 23 7 B, B A N,
fEAERE RN 35 VUM 300°C.

M J5 , R H Agilent Mass Hunter Workstations
Kl A P 2 G0 N EVES E3E B h R IO T 2
o 184 BEES T4l i L (3% IR, 7 OB
Pl i > 0, T X L 1 SO PR B i AT A 3]
(8 AR SRR A T AT LL (/2 ) B XS 1 6 3 b 4 ot
XS o> F B i, 5 2 B 1Y PC AL 58 B B6 B iR AT
FEX AR 231 o — SR AT
L5 sk pt

K M Agilent Mass Workstations
(B.03.01) %% 4% 4k & 45, Microsoft Office Excel
(2013) , Microsoft Office Word (2013 ) £ &k 1} &b B

2 HRE5H

2.1 R

B RN A PRI AN 1 iR, Hodh 4 00K B
FEPRI R RN s A TR Je , S 1 A A N I TIA
FOEME. R, BOR 4 Ff S 2 B Zh BE A Ao
BIARHAR] (B 171 RE R4

Hunter

1 BRMERRD
Table 1  Status of each reactor
i H JR4 EGSB i #% % SBR JZ I % A SR SBBR R hi#h  IREAZE A EGSB N A%
BIRE/mg- 1! <0.1 4.0 0.2~2.0 <0.05
K 115 R st [E]/ 2.5 12.0 24.0 6.0
% TG ek /d — 20 — —
pH 6.8~7.5 7.0~7.5 8.0+0.2 7.5~8.0
R/ C 20+1.0 25+1.0 30 +2.0 33+1.0
TR/ mh ! 5.0 — — 4.4
7K COD/mg-L~! 350 ~450 350 ~ 400 <20 <20
{17k COD/mg-L~! <40 <50 <20 <20
K E A/ mg-L-! 30 +5 — 200 +5 200 +5
K HKE %A/ mg-L~! — — <20 <15
PEIK Al &/ mg - L ! — — <5 200 +5
HK A2/ mg- 1! — — <15 <10
K BE/mg-L! 30 +5 45 ~50 200 +5 400 + 10
HK B/ mg- Lt — <15 <35 <30
COD EBRHR/ % 89.0 ~93.6 78.9~92.1 — —
R ﬁﬁﬂ%?/% — — >90.0 >90.0
WA R EBRR % — — — >95.0
MAERBRE/ % — — >80.0 >80.0

1) “—"FRI%I HARF LR K
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JRA EGSB v # FH FHREH I T AL B
AHUEAK T AT M, AR 2 K BRI K i CcoD,
1 WoR N AR COD 2 K ik 89.0% ~
93. 6% 5 LI #s B AR AU AR VR B A, R A
WFRARME R A AnAOB f77E [ 25 1, PRI S
TR AnAOB. 4% SBR S i 1 F h & 22 B
K Wiy COD, X} COD 2 [ R ik 3 78.9% ~
92. 1% , HE i SE KL F 4.0 mg- L7 2247, LIk
BET AnAOB TR MEAE A, R G2 ) 1 2% o & 7
AnAOB. HFEWBA SBBR SN #51E F & L bR E K h
A, 7E DO 5 0.2 ~2.0 mg-L ' WFRAE LM F iz
7. R PIR AR N E A (2200 mg-L7") , &
RAVS R LR MK T 90. 0% F1 80. 0% , Hizf1
BUCR BT R 3R 2Bk R HE AL R S A
PR DRI R N 2% A TE AnAOB. TR 2R
1t EGSB [ i i (44 HH 2 a8 ad DR AR 2 A VR T 25 B
JRE K H A R R, RN A R R R B R T T
AnAOB RUFIAAF 260, HLES S 09 1 Tt 1) T
WOk VR RTE RS AR 0E 5 12 N 2 A 0 B U R 2
RHDAS Z PR K AR AS ZK 8L, &
RS A L BRZ 535K T 90. 0% F1 95. 0% , 1]
TN g B E BE O S, BT LUK B A% P AE TR
AnAOB.

2.2 AEYIREE S

HRAE 2. 1 1519 20 B, #0057 6 &0 SBBR R
R AR A S Ik EGSB N #5 T AE7E AnAOB,, %)
PR #5515 8 0 U2 DR E I 25 A 2R T T I
1 FIE 2 43500 S K S L 95 52 7 2% 75 Vet e 40 )
TEEEH.

FEL T AL 2 AT, @ 3R LAL SBBR I # Al
EGSB S h ¥ ) T AnAOB, Ho [ 72 A
SBBR & W 25 T A 2] T Candidatus Brocadia J& 5
Candidatus Jettenia J& , R A 2 A AL EGSB J v #% H
¥i 9l 2] T Candidatus Jettenia @ #1 Cadidatus
Kuenenia J&.

HFE WA SBBR i #i 5 le i % th T 21 A
X > 1% /)&, nE 1 R, HhREAERKL
AR H) R ZAH R A QA AEY . St fE M AE
Yy, WA AL VE e . RE B ALY N
AnAOB, £ §F Candidatus Brocadia J& Y Candidatus
Jettenia J& , Candidatus Brocadia J&AHX F PE 8 | iA
T 11.2% , 5 AnAOB [WIEHJE. ELVEMAY)
T E IR AL M€ R JE ( Nitrospira) , FoAH X 3 1 14 5]
T 7.9%. WAHACAER Y R 22T BT

8.66%

® others

B Candidatus Brocadia

| Subgroup 6 norank
® o-Proteobacteria unclassified

® Anaerolineaceae uncultured ® Nitrosomonadaceae uncultured

® Gemmatimonadaceae uncultured  © Armatimonadetes norank

B Ardenticatenia uncultured W Truepera

= 5JA-149 norank Bryobacter

® Nitrospira Candidatus Jettenia

m Xanthomonadales uncultered B Gemmatimonadaceae unclassified
B Nitrosomonas ® Subgroup 17 norank

m Denifratisoma  Limnobacier

B (yrophagaceae uncultered ® JG3-KF-CM45 norank

HEE AR T 19 FJm SR %€ H DB 5114 others, T 1]
E1 EAFEBEFHE SBBR RS MENEHELEN
Fig. 1 Bacterial community structure of autotrophic nitrogen

removal SBBR reactor on genus level

SV AH AL R & ( Nitrosomonas ) 130 Al AL 50 it B #F
AT 4k 57 & ( Nitrosomonadaceae uncultured ) , — 3
FEXTHEBE S BIIRE T 4. 1% F11.8% . WLAh, K #%
HORAATE—SE IR T B T) L 2R ] AT
W, BRAFW TS W T HEE R R, 2% W T 15
IR PR R G B 3RS R G D R ER A Rl E 1Y
THREFFAS A, Hrp s T 5 5 1) A 3 A= # Zh g
WY, B A TS Ve T A B A SRR ik 14 2
fE]

PRAAZ AN EGSB S RS 158 Hh 42 7 i) i il
Fhe b, W E 2 iR, AnAOB {4 Candidatus
Kuenenia J& 5 Candidatus Jettenia, F: /' Candidatus
Jettenia J&AHXT LR, =ik 55. 8% ,24 AnAOB (1)
g, 2L W 1THY y-Protebacteria unclassified f)
FXERER 7. 2% ,ZJE 20 R A AE T, Ui IR
A AL EGSB RN as K AU I 4Rl T
N AN AT R AL T AR R T3S T ]
BN ] 155 R IR 48 28 & (Anaerolineaceae uncultured )
FAEXS F2 B2 8. 26% |, 1% & 22 5 4t M 5% 14 5 A A
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W

7.20%

8.63%
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