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Abstract:
microbiology, geology, and environmental science, and anaerobic ammonium-oxidizing

Anaerobic ammonium oxidation (anammox) is an important reaction in
bacteria (AnAOB) are usually regarded as the driver of anammox. Demonstrating the biological
characteristics of AnAOB is a vital issue for the application of anammox. Crateriform structure
is a special microstructure and has been identified as one of the key features of AnAOB.
However, little is known about the crateriform structure of AnAOB due to the failure to isolate
AnAOB. In this study, the research advances about the crateriform structure of AnAOB and
Planctomycetes were reviewed in terms of morphological characteristics, physiological
functions, and ecological effects. Conclusions can be drawn as follows: (1) The crateriform
structure of AnAOB is uniformly distributed over the cell surface, with a diameter of about
5 nm. (2) The crateriform structure of AnAOB may connect cytoplasmic membrane, outer
membrane, and anammoxosome membrane, and play a role in substrate transport. (3) The
crateriform structure has genetic stability, and its formation may be related to flagellum
degeneration. (4) The crateriform structure may serve to maintain the niche stability of AnAOB
by promoting material exchange and communication between microorganisms.

Keywords: anaerobic ammonium-oxidizing bacteria (AnAOB); Planctomycetes; crateriform
structure; physiological function; ecological effects

X A % % 4t # (anaerobic ammonium-
oxidizing bacteria, AnAOB)&—27E KA K1
R (NHL ) RS R (NO, )AL I ZTU(NY)
Ak BE B R RANER" . AnAOB | IZA7-7E T H K
MATAESRG Y, EHIRAZEA P RIS
HEEMEAP, #EfhiT, AnAOB T8 R A A A
1k (anaerobic ammonium oxidation, anammox)
T T 4 KRB A PR R Y TTRR AT IR 50% LA
P 50T, AERE ST IR A A A
A TR S EA R, B T B RN
/X IE

SR, AnAOB AR ZE1E, X IRBEA R,
YC4 M ARPATEERE SR, TRE R T ATREHA:
YRR SR AT . AnAOB J& IR Z A
TR TSRS, BEIHAE YR, TosEH.
AELERIEN NE. BHET, £X% AnAOB
AHREEETEAS | A BELE R FNAH ML I G5 A I
EEUSIE 2k SR, X AnAOB #ff52 HHH
Bl A R BRI A i T EE R ER SR e =
AT T o

PAAZS AN FAHRE™, kil 145894
RIMTIFEEIE A, Kk, Asci

http://journals.im.ac.cn/actamicrocn



78

GUO Leiyan et al. | Acta Microbiologica Sinica, 2023, 63(1)

PAELAG 1 SCRR R TE M 6 A, 40 kOl T Es# i
TEARE . AFETIRE A A AR L, DABRAEXT
AnAOB A2t Re NI, ek R S AL
A

1 kB &ty

S D S TN ERTTR G SR Vel )
BE B P A UK TS AE o Ll PSR AR RN
AN, BRI BORECER UG TANMRE Y,
HAR B (NE 5-7 nm, KZ 20-30 nm,
FEE 85 nm). KL VG5 AT E L A R R LS
K BB ME (A 1),

P SCHRAE , Ll 4548 2 72 B PR 78 40 i
BE b RRHETESE M, H BRI 5 R R
AP M FER/N T, R R Y K
L S5 #8 HA —Fh RS, WK #8453 Planctomyces
J& B Al R AR, 1 R E AR 30-36 nm,
JEFBE AN 12 nm; Singulisphaera acidiphila )
KOS RER, BR 25 am P Wl R
SR R I o 3 I ST & L AN R
Tuwongella immobilis 4 fIBE I [F] B 4341 4 HLAZ
2974 25 nm BY/NSFEDIR DO DTSR LR TR A

£ 85 nm., JETBEAE 55 nm YR A BEIR Kl 1
SERUO FE AT, —FB AT BN kL g
Y5 3 A AE 4 MU RE R T, 40 Planctomyces
bekeﬁi[”]%l] Gemmata obscuriglobus[lg]; — R4
TR A KL T 2546 DU B v o A 7 A0 L — S, A
Blastopirellula marina"*Fl Pirellula staleyi''™;
AT — 73S PR RS KL E S5 R B B
0 Tuwongella immobilis, /NELK L1145 35 7%]
IIATAEARMLBE |-, BEEZ R 50 >/um?, T KR
UL 25 U7 48 B — s ELASCAT 1 A0,
G3F BRI T Z5 AR I A3 AR BUTE S T 3R 1,
AnAOB SRJE TR, HATEZ MY
FMMER . PiSCHIGE, AnAOB JEAZHE, 24
AL EERAR L BIR s R/MNAE(0.7-1.1) pmx
(1.1-1.3) pm'"; HAG 55 DLANTR Y X 2 454
W 2 PR, AR SIS P B 40 BT B (cy toplasmic
membrane) H@ﬁﬁlj‘]ﬂj%(intracytoplasmic membrane)
FIR AR A AR BR (anammoxosome membrane)73
B3 AERGT, SRS E 2B (paryphoplasm) |
% 40 M (riboplasm) A1 K 4 4 A 1L 1k
(anammoxosome)**' . 4 Jifd 5t 5 AU Ay 241 i R
S- )21 3t 55 AN LR SIMIEE 4 HIE 2240 (K T 2 T i

0.5 um

1 ESRE T AR R ERE AL O

Figure 1

. 14-15
microscopy'' ']

Crateriform structures of Planctomycetes cells with negative stain under transmission electron
. A: Uniformly distributed crateriform structures of Planctomyces bekefii. B: Polarly

distributed crateriform structures of Pirellula staleyi. The crateriform structures were indicated by the arrows.
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Table 1

Distribution of crateriform structure in Planctomycetales

Genus

Species

Distribution of crateriform structure

References

Planctomyces
Gemmata
Isosphaera
Zavarzinella
Singulisphaera
Pirellula

Schlesneria

Blastopirellula
Rhodopirellula

Tuwongella

bekefii
obscuriglobus
pallida
formosa
acidiphila
staleyi

paludicola

marina
baltica

immobilis

Uniformly distributed over the cell surface
Uniformly distributed over the cell surface
Uniformly distributed over the cell surface
Uniformly distributed over the cell surface
Uniformly distributed over the cell surface
Distributed over the upper half of the cell

Polarly distributed and covered approximately
one-third of the cell surface
Distributed at the reproductive pole

Distributed at the reproductive pole

A single, large crateriform structure is distributed at one pole,
while the small crateriform structures are uniformly distributed
over the cell surface

Anammoxosome
membrane

Intracytoplas
membrane
Cytoplasmi

| membrane

Anammoxosome

250 nm

B2 RESSAEOEIRES R EE

Ribosomes

Figure 2 Cell morphology and structural model of AnAOB™.

BEREANZRT, BRib=z4b, #4> AnAOB 4l
T 351 50 A 4 AP 4RI E Y, W Candidatus
Scalindua 373 B AP KA B B

KA A PR IR T , AnAOB 4 fift i S 1 7N
YA K S50 . 1999 4F, Strous Z5C5E 1
ARG, 75 AnAOB 4HJfIEE |2 Yowige
L R (K 3), HERZ 5 nm, 55040
FEAM T . ARG, Kl O g B 5T
H g Y fE IR B AnAOB 1Y T8 BE4R1E, {H G
F AnAOB 21w K 1L O Z5F I AFF 55 2
A

" 100 nm
3 RESFEMENANLOEHEBE KR
i)

Figure 3 Crateriform structures of AnAOB
(indicated by the arrows)").

http://journals.im.ac.cn/actamicrocn



80

GUO Leiyan et al. | Acta Microbiologica Sinica, 2023, 63(1)

2 RAAAWE KL pEHm
£ B

TEER IR AN ASF 52 A, 200 M o 2 ) PN M1
PR o A AFI X2, TR AN Mg 4544 5
M2 LA 2F U8, AR K ZHE, A5 IRl
6 h 3| 1 4N AT AnAOB &R E T 1h 4y
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WE 4A PR, KL B8 RG-S A A o i 2 %
AHIE, AT AH M A MRS ZERA Kl
AR RERAL, AR BB R N BG, T ER
RS ] . S, Kl g5kl 6e S 40
ML s A G, il 4B PR, EIRPIAT
LA G AT, = 50T
Bl AT SEIE R AL G5 RE R AR B R s [)
PR R AN TR A AT S S AT B
HI T3 4% AnAOB TEN T ERAR A 2 0 355 IR Al

A

Anammoxosome

Cytoplasm
Ribosomes

Flagellar apparatus yé

Enlarged periplasm

Outer membrane
Peptidoglycan
Cytoplasmic membrane

Fibrous structures .

ZHVERT, AR LT A T B AT A T AT B %
B FE ) 5 AW ORI I A HE T

{EAR R EFE R, 7F AnAOB 1, kil
S KB R ECT AT 1) P 5 R A 2 AR A A B 2 A
(K 5), Z ISR A 77 25 bR 1 L 1 454 55 40
FEL BT AR %3, A 2 DL LA A B PN S5 I 114 5 i
HEIEIAE . AnAOB NI PR AL IS
AN LRk, JEaemiL b EE Y,
LT 5 e 1) R 3 5 DR A A A A 5 4 i il
Xf eI B Y e ds R e Al BT BLRRIR R S

TF B MR TR 40 R B i kol 1 A5 4 B AL
FUENE, i, X T REHFERE, HEEEK
Ul A EE B TS TN 43 A 2 )RR A0 2
BOFERE R 25 #lUN, TE Rhodopirellula
baltica, Blastopirellula marina 1K I, K1l1104%
P oA TR QMR T, TAEREA b, kIl 4s
PR S o A1 F A0 A= A — ot 5 (R Bt 20 7Y
KORFSE, HK NS5 Zdrsg R, Hoorfid
] TRHALIEEY, S22, AnAOB
T A R, AR TTAR G PR R IR Y 28
A58, 7E AnAOB BFaid ey, Kl D &5t H
fH2EH? FRHRE

B

Outer membrane

Peptidoglycan

. \ Cytoplasmic membrane
Crateriform structure yop

—— Indirectly
> Directly

B4 FEREANBBEHERC A)RXLOEHYREZEHRIZER(B)

Figure 4 Cell structure model of PlanctomycetesBl] (A) and hypothesis model for the function of substrate

transport by crateriform structure (B).
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5 EHFERTRESALENALOLEHE
Bl#RiR)

Figure 5 Transmission electron microscopy (TEM)
image of the crateriform structure in AnAOB
(indicated by the red circle).

Ah, & Mahajan AR, FEIRE
Tuwongella immobilis 2R I [F R 20 4 & B
225 nm B KL E54 DL K 53 2 240 it Jo JIEE N 240
JRE SR A BRAL R 1, HL A 0 B 4RI #E R
A DX XKLL A 5 T A DG 7
BRI

3 RABAME KL B EH
EAEN

TERRIRTA T 12 43T Ve . oK . it %
s TG YA B T, I 5V 2 AR s T AR Y
A FEERFAL, AnAOB WE &I THFER
WP ARPT KR B OSE—fgeA B
AR IREHGRIY | Aokt | i i e A
ARt . S T N B AR AR SR I B R SR R i A%
., AnAOB ‘#REA. Jilil, NAT7E4
HEET 10'°-10" 4~/mL B}, AnAOB A HEIH
B ERPREEEIEED, B AnAOB f71E% %
MR AN (quorum sensing) !, 55— 5T,
ARSI, AnAOB # B EBEMEIL

WokE IR, ORI K B — 8 RT I X2 R R
Bl AnAOB F71E A Wy AT R BU (A IR,

7E AnAOB ', N-Jit Bk - &5 22 54 iR N K
(acyl-homoserine lactone, AHLs)“SHIFR iR
(c-di-GMP) U 2 FhL Y A FREAR RN 5540 T
H AHLs J& T A5, HTESZ A%,
c-di-GMP J& 55 {5l 50+, WA s 2 R YnY
G, PIEHEAERE UE S M, R4
FL A= SR REAUVE T . Bk, TEMRA e T,
AHLs WEEAAE G2 R EAZSHBIHE, 2K
SO AN AR F (AmxO), fi i G i
PRIV W ¥E 2 B A% R (Qrr small regulatory RNAs,
Qrr sRNAs)JEHFik, Qrr sSRNAs HflHEAR
F AT EF (HapR, BEMPHI c-di-GMP HIRE),
c-di-GMP JHTERIFEZHE RNA, RZ&3E5RiusN 2
RUE RS, 51% AnAOB A1 FififE 2
Mo BERa TN, Mush AHLs WEH S 2 HIE, 5%
REAZEIVN AmxR-AHL &Y, &1k Qrr
SRNAs 53¢, IF Jit RS S AR DG IE PR 23615,

7E AnAOB PRI, HPARANL X A A i
BA BRI, FEONTR A AR S 2 R
TESEE AL, PR B 8 43
BrIAR KL G540 S AE P A i R & 22 . sh)
YRR TR B R NANOKAE . A PR SR 25 A A
— B MR, A7 T AT Bl R 210 200 i ) 14
Yimsgit , A2 I P E Y . B . R |
BRY PR E S EN & a, Tz e
DMEIACIS, 2 fifk ST 200 B 6T 1A 08 248 P ) 5 i A
N, AEREHAR SRR E . Kl DA HAR U] £E
AnAOB AESNIESE b AN IR BRI
FHMREFRSE o

4 NES5RE

Ol 4582 AnAOB FIbREEZEH), KT
TERRR IR O T g540 AT B 2 B TR R R 4 o
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