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Recent advances in the class Acidimicrobiia
HE Yuan-Qiu'? LONG Li-Juan' TIAN Xin-Peng '

1 CAS Key Laboratory of Tropical Marine Bio-resources and Ecology, South China Sea Institute of Oceanology,
Chinese Academy of Sciences, Guangzhou, Guangdong 510301, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Strains in class Acidimicrobiia belonging to phylum Actinobacteria, widely live in acid mine
drainage (AMD), ocean, desert, freshwater and soil environments. Recently, the class Acidimicrobiia
species receive more attentions because of their barely growth under the laboratory condition and typical
physiological and biochemical characteristics, including acidophilic, moderately thermophilic, or capable
to Fe’* oxidation and Fe’™ reduction. Acidimicrobiia species have been used in bioleaching, acid mine
wastewater treatment and chemical synthesis based on their capabilities to oxidize ores and synthesize new
active substances. While some mesophilic Acidimicrobiia species are the dominant group in neutral and
weak alkaline environments, such as soil, desert and freshwater etc. This review summarizes the studies on
Acidimicrobiia, including the process of establishment and development, phylogenetic analysis, species
diversity and geographical distribution, physiological characteristics, metabolites, genomic studies, and
prospects their potential applications and research fields.
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(Acidimicrobiia), VhPRAFHE 1A 40 v ) AR vk 19
— 5Pk, 4, Gao % P12eiis F AR SF AR AE M
Al (conserved signature indels, CSIs)FIA[A]AY
£ 57 5 H % [ (conserved signature proteins ,
CSPs), (iR R A LM 1 W2 Coxl, =k
"2 il 5 & B (cytidine triphosphate synthetase,
CTPS) . #i %45 W% I R b -6- 0 IR 2 Kk % % g
(glucosamine-fructose-6-phosphate aminotransferase,
GFT) . 1 4% Bt -tRNA & hl [ (glycyl-tRNA
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Table 1 Growth information and habitats of the genera in the class Acidimicrobiia

BfE R4 &4 T4 ISR OFEESRAM S K pHEERIRE S50
Published Family Genus Species Isolated Isolated Growth Growth References
time environment medium/ingredient pH temperature
&)
1996 Acidimicrobiaceae Acidimicrobium Ferrooxidans  Geothermal site  Pyrite, Fe™, nd 48 [13]
yeast extract
2009 Ferrimicrobium Acidiphilum Mine water Pyrite medium nd 30 [15]
2009 Ferrithrix Thermotolerans Mine water Iron/yeast extract nd 45 [15]
medium
2011 Aciditerrimonas Ferrireducens  Solfataric soil Sulfolobus medium 2.5 55 [17]
with yeast extract
2015 Acidithrix Ferrooxidans  Acid mine Tryptone soya broth 2.5 25 [19]
drainage with Fe*"
1996 lamiaceae Microthrix Parvicella Activated sludge R2A agar nd 25 [10]
plants
2006 Calida Activated sludge R2A agar nd 25 [11]
plants
2009 lamia Majanohamensis Sea cucumber SN medium 7.0-8.0 30 [16]
2013 Aquihabitans ~ Daechungensis Eutrophic water 50% R2A agar 7.0-8.0 25 [18]
2009 llumatobacteraceae llumatobacter — Fluminis Estuary sediment R medium 7.0—-11.025 [7]
2011 Nonamiense Seashore sand R medium 6.0-10. 25 [8]
0
2011 Coccineum Seashore sand R medium 6.0-8.0 25 [8]
2018 Desertimonas ~ Flava Desert sand 10% trypticase 6.0-7.0 28 [9]
soya agar
H: nd: KA
Note: nd: No data available.
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Figure 1 Phylogenetic tree of phylum Actinobacteria
based on 16S rRNA gene sequences!!
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2 ETF 16S rRNA 2HAFFIMBRMENDFHHRELER

Figure 2 Reconstructed neighbour-joining tree showing the phylogenetic relationships of the class Acidimicrobiia based

on the 16S rRNA gene sequences
H: KEWI SEERR Bootstrap H; X B WHRR N 0.02,

ORI RO B 0.02 D25

Note: Numbers at nodes in the phylogenetic tree represent bootstrap percentages; Bar is 0.02, representing 0.02 substitutions per

nucleotide position.
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FRE 75%—85%. BRIHLZEPS%: = 37 g (0] 3k 2
DX T A DI 34 o e 8 e REAA R A A 25 76 A8 v
R BRI T AT, R BRI B T4
S SCEE RS BB 56.7%F0 51.0%., B T ENREVE
TR, A BoRTE S A 2R

Acidimicrobiaceae

o Iamiaceae M Ilumatobacteraceae 7y &5

N ST R G T AT AC 7/ AN | R €= 21T L7/ I
[ 72 FE A ot R 3 A TR R AR e, HrP AR
FIE T M Sl A B 2SR R BT o LR A9 53512 3%—-12%,
LM B2 5%, BRIBEEIEIN, PRI TE
BB IR BE 32 40 A, U0 R TR 7E DN Ik 7K 78 20 B
KB 1.5%-3.9%%, 7EEE R pH
4.0-6.0 WA BRIMEE G AN IR 13.0%5Y,
TEWRR R S5 1 1 1) 2 K AN 75 e v R e i S 7
Gy e KRR, 52 K b [ AT e P ) o3 2
RCRP ] 2 3 A Hp ] P R SR S [ R
FRAR A3 K IR R (5 HE 1.24%-1.75%%, 7
Hp ] VEL VY b 5 FE M - 3 A R T R 2 AR A A
B R AR B B TP e P P k)1
FiT T AE 4 b - 38 v o PR M R AR, T
AAFE RS 19%%, 1eah, 1EVDIR R
B & PR PR IR (A7 AED) X S48 L g /R H R
WRBETERBRTEF N 2504, BHREB5 AR
RIVHIGFE RIS, SRR RK, Al AT E
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%*3 EHE 16S rRNA EFFFIHE
Table 3 The number of 16S rRNA gene sequences in the
class Acidimicrobiia

a3 ) [BY.&. N S 2 el

Taxon Published  (RAF) Culture-
cult}lrable Unpublished independent
strain culturable strain  S€qUeNces

Acidimicrobium 1 7 6

Ferrimicrobium 1 12 73

Ferrithrix 1 1 6

Acidithrix 1 1 0

Aciditerrimonas 1 8 661

llumatobacter 3 4 674

lamia 1 1 76

Aquihabitans 1 3 453

Desertimonas 1 0 0

Unclassified 0 3 26

Acidimicrobiaceae

Unclassified 0 17 1306

lamiaceae

Unclassified 0 18 1 005

Acidimicrobineae

&3t Total 10 75 4286

. BdEsk B Ribosomal Database Project (RDP), JifiAs 11.5.
Note: Data from Ribosomal Database Project (RDP), V11.5.
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o *Zﬁ{lliiﬁl?EE:p(Ribosomal Database Project,
RDP, VILS¥EE/R, BOH 75 MIRME K
i A TE R IR R Bl A O R B Be L 9

39 . 7. . .
B9 Acidimicrobiaceae

‘Acidithiomicrobium’ species
L RAAP-2 FlI RAAP-31 048 | I\ 2 5 IR 2 B
H R BRI R et 3R P FI 21k 17 072 4%, Hrp
4 286 ZJFHIHEEER T 1 200 bp (32 3). Hi%bEA
B e b BT IR T 1P A (LR SR MG s SR Y
KR T 1200 bp 3k 4 369 5)HATER, 455

WIRRIGEBHAE K, /D561 168 MR Y
Fr, AIA3SA 14 ANEHE, Hrb o D2SHE: 28HF I
(Cluster XIV)., ZKHE+—(Cluster XI). ZKHfE 1
(Cluster X). B JL(Cluster I1X). Z5#E/S(Cluster
VD FIZEHE T (Cluster V)£ 354 B 1E & 22 10 1 Fi
(F 3), HRP&HARMIEHE . (EECERNE, 4T
Acidimicrobiaceae 1 Iamiaceae T AS[a) J& W) & F 43
BEAFEPZERE T, IR 2 RO 2R 77
M RBE, XMDRHEETEA YR a6, BLA
BRI 14 DEBEF, KHET(Cluster X) B
DU (Cluster XIV)FZ5r 8 HRRTES X | 57K
b BRTE PETS Je M I IX, EHE FL(Cluster V)

Cluster XIV-*Microtrichaceae’

‘ Cluster XIII
Cluster XII
Cluster XI
Acidimicrobiaceae
Cluster X
Cluster IX
‘ Cluster VIII .
Ilamiaceae
‘ Cluster VII
Cluster VI
Cluster V-Ilumatobacteraceae
Cluster IV
Cluster IIT
Cluster II
Cluster I

3 ET RDP HUEEEENT 4369 % 16S rRNA EFEFIIHENRZLBEH

Figure 3 Reconstructed neighbour-joining tree of the class Acidimicrobiia based on 4 369 16S rRNA gene sequences from

RDP database
1. #dE3k B Ribosomal Database Project (RDP), fiAs 11.5.
Note: Data from Ribosomal Database Project (RDP), V11.5.
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I. coccineus W o-%% 24 M 68 0% {2 #F 74 i 51 7T
(sitagliptin) ) ¢ % A & model B-amino acid
(R)-3-amino-4-(2,4,5-triflurophenyl) butanoic acid
(3-ATBA)WHAL, b3k 81.9%, Koopmeiners
e L coccineus R BT AR EE 143 2
(halohydrin dehalogenases, HHDHs), 1% i} 7£ Ff
U AR RN AR AL 2 1 B R 03 i S 3o R v 3R
PR AR TE M, W — 20 TR T A AR
IR
53 S7KAhE

Huang 45 S17E 35 [0 156 74 N — 40 30 j5 9 o
KIL—#E Acidimicrobiaceae sp. A6 Wik, 5 Am.
ferrooxidans . F. acidiphilum 16S rRNA F&[H &5
FALEE 4300 90% . 92% ., kTS 1E R 14 1A 47 I
Flv, B AT TE DR AR T A TR I A R A I
I (feammox), 7EIRJE Fe’ B[R I NH, 84k K
RABIHAE, N TAE KPR R LR T
BB BeAh, FERTH G KA R SRR
WEAESENTGVE, Al g R w R
st ESRESTEDERY, am
ferrooxidans FIVERIRIEYI0)—FR5y, AAbi5iRH
i Fe™', REEAAIE K Fe' i Hme R IZH,
TR B I5 7K B A A
5.4 HSENRMEBNIERR

Wu ZE USR5 v 1 5 A A DU il B 4
T T X R0 T ) e o e R b A, A
FRIZUIYIHR Aciditerrimonas [P FhHAT S5
ARG, X IR A E Nl R 4 Bh 15
bR, ARSI AR I S AR A ) S5 4
(a3 SR TN A N1 %2 (1T R I E N i
AR )2
5.5 BEETSREYREIZE

Mori % Vg BF 58 % B Acidithrix 1) At.
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ferrooxidans XTI . WA HLEREEARITE BLEAT
B IER, R R8s R
At. ferrooxidans FEATIMREHESHES 2- KK
(phenethylamine, PEA), {#i Acidiphilium cryptum
2 B 2R A I 4F — 25 Al 4 R0 W 5 VAR K Y OB A
Y. AHLEEJE LY B, B S (marine
snow). TR A HILBR TR 3R 2 1] PR JIG 1Y 2 2L
ke, X YRR IO AR R R G IR
BREOMREERAEZEZE L. BT HATRME
RFFALR IR RERAT B, PR 16S rRNA ZE
FEA SRR (5 B AR A B, Blt, XFER G 7E
W A SV A AR A P i it 5
VIR S A R . (EREE B 2 ali s 5 v bk 0 3145 A
22 5 DRUECHR (0 00 o R 0 R T AT 1 A S AR TR
A E S B — 20 R S &

6 RIS MR AR

H 07 R i 1§ 4 Bk 4. daechungensis .
1. majanohamensis F‘M. calida’ 8 It K 21 B4
A, Hgxr 10 MERCREYF (Am. ferrooxidans
DSM 103315 | I coccineus YM16-3045" | 4z,
ferrooxidans Py-F3? | F. acidiphilum DSM 19497
F. thermotolerans DSM 19514 . A. ferrireducens
JCM 15389, I fluminis DSM 18936, I. nonamiense
YM16-303 . D. flava SYSU D60003 ‘M. parvicella’
RN1)5E B T 4 38 AL 5 FF A 4 F NCBI 9

(National Center for Biotechnology Information
Search database, NCBI), ##7b, NCBI Wy i /Rif

A 43 NARA R T DR ER FE R 24 2 58 B

R PR A T e R 2 00 P 58 i, %o A AT R T r ok e
() A2 BRAREPE L AR FIL ) S A AR i PR b ) AR A
BN S LA ARGF 0 VR . PRI A R 4K
/NTE 2.16-6.22 MbP 2 ], 5 2 122-5 812 3k
o HHp Am. ferrooxidans RN & A R IR L
R o) 3¢ i iff ——RubisCO il i K WV 3L 3 [K]
ebbL-1PV B e iz 4B (VL I MntH . Zntd F
CzeDPY, FHRBLHALEE E SR AT Z HIRE S . 1E

I. coccineus HEPRIZH i) G ACIHAH SG KL BRI k2
PR BL S, QiR R TR AT
BGERET dap E FERMEL, BUMZ B2
FAMER YM304 26990 F1 YM304 1919001, 4z,
Serrooxidans F&PHIZH 40 7 Ga ik NI g i) 25 DR 2SN
I %1 RubisCO RN, T RESHERFMINFRER) pH
FargHEBY ) A BHE TR M. parvicella’ 7] 3l
KB IDTER IV B AR IRTS SRR A K24 T TCA
PEER, JEEABORIIGRMEAARE I AR NO;y i85
2 NO, WIRES™), Pinto 2510 M [ — Kb BRTER™ 1
7K 7 FE R 20 B v PRHZ A Acidimicrobiaceae #t
B 5L (A& RAAP-2 Fll RAAP-3)AYSEH A, A BliX
PIASHT B AHEL T Am. ferrooxidans TE3E R ZH /K-
FETMBRE TSRS, FTE RAAP-2 3
PR 2H v I 31 2 5 BRIR 6 % 12 R G IR R 18
JFRAR MR L, kA, Mizuno 2504 A i
23 2% % 15 fix KJZ (deep chlorophyll maximum,
DCM)TE 7K il i 2 BE R A DFHEAS 3] 4 DRI
BTSRRI A, JHEN e AL C2 kG
DGR RE
7 RHE
71 BEEHMEREFLE

Hil, 2 uMEEREIMEE, &
T R S5 K BRI A G AR TR R R F T
RVEME R X, BRI N HAT AR T
1 H. 3%, 10J8. 13 Fh. BRT Illumatobacter
Microthrix JEWSIEA 3 A 2 A, HAREN
HAER—F, KW ELL D, 1R 25 URR
MY AP IR AL T e AR B A IR M By, BREE AT R
GO AL Al AV BERE BR . BRISDA 1 il e A v
(IR A M, TESCI0 3 2000 T XELL 4 15 3 i b
FrpabR . A RS 55 I K R S IR AR R
FERREI S A A NS B, AR A BT R
1) pH. M EFRA s . R RO KR i A
KRB E, LML a2 455
FEHH 2= E RN . BRI ZEHE HATTER™ X &
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PR AP ZE0 RS IE N pH 2.0 2247 B IREEAETE
HEA F* 4d k. Fe B JFERE ), LARTAEMA
FRM S IR A, WorRegm Z Em iR AR, W
WM R 2 W 0 i S U 9 5 1 Y R R T
T 4 T Ve R g5 B E AR Hh 8 R T DR B T I ATl R
DRIZSHE, (L0 v B 55 B 1) R AR R AR ) 4 5
JRFT 3E. ST, BN MK R
AR TR S IR A PR AZ R . [FIET, PRI
PR . H 55 v PR B IE L . TR T
04 R A PR R . A A TS,
A e R ARPLE . B PR AR
BRI R AP AR RS AR )
72 BNEAIEFERS SRR

AT TR Tl T 44 T P 2 T RS W o . A R AL
TR T SO AT 1B ME AR AR 2l B 77, X fifi
X EATR AR E . AAThRe . AEPLH &4
A IR MELL I T R, R TUAT Y 2
ARG FRATS TH AR X LRGN — ISR R, %
TGN, T EBE BRI A YRR S
ARE AR EEL R R RE. KR TR
LA IMERS FRPP LT KT TR (Rubrobacteria) ) 55 5+
A, IERTS 150 ZRRAEE SRR, Hd 4kl
T TE T & FH RhOK - 2R Hon, RERB YR
Rubrobacter indicoceani®" ., MZT (KT I 4 XERE 55
(e 7S I =Y T Tl S I = B s R T U A S S
BT A PRI A 43 B 5 R A T e B, MR AAAE
AR I 1 R R G A B A R T 2 A A AR
PIEFR LS, AR PO B B O R .
S5 =[] Fsf X SR R R T T 3 125 35 97 ik SN
TTHCR, AR U8 BRI T S AR B 2 i SRRV PR 45
Fi, fE SN FEEP IS AR Zo™, Mn” 4%
HEBEF, KM 4 WRIRMIESE R Rk, Hh
2 MR TEAE BB TR K- 328 B I0(16S rRNA JE
K915 HAi AR Y FF 1. majanohamensis AHAUYE
43900 93.82%F1 95.33%). FHLuk, AT LA wod v i
DUy B2 AT A= A5 185 D VR0 1 PR 8 v R T A 1)

FRE, ARYEAEAE ST T 1 © N Rh 1) A 24
PEFIRATBEA LT X R . B0 =, 8 HIBTESE
IREE IR A n] 725 Y 2216E F1 R2A 35373k
A, (R X S B R B 0 g i AR /D15 5 R
o, — ARV IE TR R 1268, 55X
A e TR S B o B A SR
M AT S R T A S 3 3 4 5 A b AT e A7 3
b Bl A= g A BRI R MR AR AR AR A
T, BIANTE Sy B 15 35 rp A T AR 2 DL ] At
RHRFE AR, IRmRHE ISR, B,
8 1 7% DR 20 %0030 734 (binning) 52 A 20 22 AR 45
RAEARAF A 7 55 IR BRI R S R 4, 3 2o o S ]
RTERE, HE T AH S G A AR A
TR 56 DR 21 AR A7 7 A 3 PR s 4 L 7 3 A v T
YA E R R AE R LHE G, &ihE
X R E B 43 B 5 AR SR S X A Al R .
Hb, AW B HOR IR YR
AP LT MR R B AP
TR W i 0 I SRR R ) 3 s 4R T Y
W
73 BRWMEERAHFESTSIRERE L
BRI R R 2 R/ N2 S i 3, BRI | B
5 H DR 2 N B Sie 2 2 TR 5 LA L 25 v . g
b A ARRAE | 35 R 1 A BRI R AR AL
GO, A AE AR R . AR H R R R
i T oA SR DR A B /b (RUA SR LT g SR I
HAWBENIFEME . MWERTE I coccineus
YM16-304 FJE 5] 20 Hker i 21 P A 20 5l i -
S Y b AR e A R S R SE N, HOEN
FEIAL s T 25 5400 T sk, Rl , BRI
W TR AR HLAT T PR R il () e, S50 rp 2T
(A AE BRI 22 SR, TR K it 722 5
Sy, BRIV RRISHE R R 5 AL . sk, R
T BT LA AR 2 AR S R & i A D RESE TR, Il
BREAL IR A . B H AT IR, BRI R
A 10 ATEFREFT T A 5L DR L0 e R0 R A 25 R 41
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TERE S 3T, 3k SO T MR A I B A )™
Pyt TR ME LS BRI A T D RE AN D7 1hD
FITRIE AT o TR, TR R e DR A 00 R b S 0 o
Bt e AT A 48 718 IR Bl T 11 A S A B
Rk, oI R AR, I RETESEIN 4K X
HATA R A PG RE T A BRI EA T 20 A LA,
Sy AR R TR Tl AT TR T 4 38 A% i 4 A 75 Y st A%
LR AT 5
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