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Abstract: [Objective] To investigate the removal efficiency and mechanism by a strain of
Rhodotorula. [Methods] The strain was identified based on the morphological characteristics
and the phylogenetic tree based on 26S rRNA gene sequences. Then, the removal effect of the
strain on Mn(Il) was studied at different initial pH and Mn(II) concentrations. Finally, the
products were characterized by scanning electron microscopy, X-ray diffraction analysis, and
X-ray photoelectron spectroscopy. [Results] The isolate was identified as Rhodotorula
taiwanensis, which could grow well at pH 2.0 and 2 000 mg/L Mn(II). The removal rate of
Mn(II) by the strain reached 98.52% at the initial pH 6.0 and Mn(II) concentration of 300 mg/L
after 144 h, while higher concentrations (=500 mg/L) of Mn(II) caused toxicity to the cells and
weakened the removal effect. The strain could oxidize Mn(II) to manganese oxides (mainly
amorphous MnO;, Mn,03, and MnO), which produced layered minerals accumulated on the
cell surface. In addition, the process of removing Mn(II) by the strain increased the pH of the
medium (initial pH 7.0, Mn(II) concentration of 100 mg/L) up to 8.4 after 144 h. [Conclusion]
R. taiwanensis MF4 isolated in this study can tolerate low pH and high concentrations of
Mn(II), remove Mn(II), and increase medium pH. The findings have a reference value for the
end process design in the remediation and treatment of acid mine drainage.

Keywords: manganese ion; Rhodotorula taiwanensis; manganese removal mechanism; alkali
production; acid mine drainage
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NL4 (5-GGTCCGTGTTTCAAGACGG-3") 9" 14
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P12 AL [H]) Miao 2821, 748 5 R FHEEIR
HL UK R A I 3 25 S I 2 A TAEY TR (k
WA A B2/l A T



AL S| BAEYIEAIR, 2024, 64(6)

2107
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Figure 1 Microphotograph of strain MF4 (A) and its morphology in RBA (B), YPD (C) and Mn(Il) (300 mg/L)

YPD medium (D).
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Accession numbers

100 ’— MF4 (OR625181)
Rhodotorula taiwanensis YE-148 (LC498459)
67| Rhodotorula taiwanensis CBS 11729  (NG063944)
| Rhodotorula sphaerocarpa CBS 5939 (KY109157)
— 100 | Rhodotorula sphaerocarpa CBS 5940  (KY109156)
Rhodotorula glutinis var. dairenensis ~ (AF070429)
- Rhodotorula pasifica CBS 10070 (AB026006)
80 Rhodotorula mucilaginosa CBS 17 (AF189960)
98 ' Rhodotorula mucilaginosa CBS 316 (AF070432)
Rhodosporidium toruloides (Outgroup) (AF207884)
72 . '
0.0150.010 0.005 0.000

2 ETF 268 rRNA EEF5IH R/ Rhodotorula J& &% & B #(Neighbor-joining)

Figure 2 Phylogenetic tree by neighbor-joining based on the 26S rRNA gene sequences (each accession
number shows on the right) in Rhodotorula. Numbers above each branch indicate neighbor-joining bootstrap
supports. The scale below the tree indicates genetic distance.

R. taiwanensis # AR FHLIPE N 100%) 5K —

%, MF4 By % 5E N R taiwanensis, fir4s

Rhodotorula taiwanensis MF4 .

2.2 R.taiwanensis MF4 i, Mt sE4di
I pH 444 F R taiwanensis MF4 [/ K

TOLAE 3A Fras, TERCIEHY pH N (pH

2.0-7.0) R. taiwanensis MF4 ¥JR[ 2 |, pH 2.0 4%

A
12

sl o [0 9 T RN

T A B B KT pH 3.0-7.0 450, (H2
8k A K& HF, 7 d Ja 09 4 9 & BE ik 2
(7.38+0.24) g/L, pH>3.0 54 F, KHZE LT
FHXSR, EYRAEIAD(8.70£0.20) g/L. AMA
Mn(ID#k 444 T R taiwanensis MF4 A9 4 (K
BANE 3B fiR, 85387 d e, ZIEEERY AR AL
A, 2 Mn(IDV R 100 mg/L A= K 5 df,

ol P e e e

50 100 300 500 800 1000 2000
Mn(II) concentration (mg/L)

3 Rhodotorula taiwanensis MF4 ZEA~[E] pH (A)F1 Mn(II);R E (B) &4 THAEKIER
Figure 3 Growth of Rhodotorula taiwanensis MF4 at different pH (A) and Mn(II) concentrations (B). Error
bars in this figure represent standard deviation, and different letters indicate significant difference (a>b>c,

P<0.05, Tukey’s test).
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41 300-800 mg/L B}, A:H1h(10.11+0.27) g/L,
5 50 mg/L B}(10.25+0.72) /L B4 Z 0
WEZS . 4 Mn(IDWEEIAF] 1000 mg/L LIS,
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FRALL R — R R . T Mn(IDECR , pH>3.0
P ZF T TE T ek AR 4, BB Min(ID#R 1k 5]
2 000 mg/L WEE RIFAK .
2.3 R.taiwanensis MF4 FR4E1T A4SHIE
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=AU

WIH pH X} R taiwanensis MF4 BREGECE
A R NE 4 Fias, 7EPIEG 50 mg/L
Mn(IDZAF T, Bikh pH (HEARRT (4.0 5 5.0),
R. taiwanensis MF4 X Mn(I1)f) 2= A R A B .
Mhs pH>5.5 B, 557 48 h )5, B3R pH
I TR, [ Mn(ID) A 25 R SCR W AE R
Ko BREFRIE pH EHIE K F 6.6 (96 h, #IiH pH
7.0 T, Mo LBRBCRE E#R & E
(64.16+7.66)%, TLEYILG pH {EHN 5.5 F1 6.0 1

3.0 L1 ! ! I ! I

24 48 72 96 120 144
t/h

M, MR RE SR pH (E S5 6.0 F1 6.2,
Mn(ID) Y EBRGCRHE A BER RV pH 5.5
2= BR R (18.16+2.54)%, WG pH 6.0 IR
HoK(16.80+2.93) %], }EF% 120 h 5, K4t pH
9k E) 7.2, 7.5 F1 7.4 (W14 pH 43510 5.5,
6.0 Fl 7.0), Mn(Il) (1Y 2 Bk 2% 8 2% 125 3
(89.46+1.42)% . (88.97+0.40)%F1(90.91+1.36)%,
FRFRE I, R K KRR AEIA R 93.61% (WIth
pH 7.0). 25 FIIC X HREL Y pH 7EAS [ B34 00
B AR AL, X BT R E 2] Mn(ID) £ BR .
AW, WG pH BRI F (4.0 2 5.0),
EERBORAH B RETRE R . B, KEEE
THfEAE, difRmr Efar, FREEHS
Mn(ID) 7= A Fr R ER P Hik, S8 15
Mn(ID) [R5 4 S5 A R T BB 45 & 1bL 2, filt
AARLXT Mn(ID) AR E A s 4, CAIR
FIABELERXT Mn(IDM 2 BRVERS B SR
P YEREE pH AR SLT , AR e
22, MIMEAEY ZBRIEREY, MR8 pH 8
SR FSTE 7.0-7.5 B, 4R AVERT A S
BT BT, B5F 120 h )5, B55R3E pH 43
BKF] 7.2, 7.5 W1 7.4, FERECREEREE 4).

L ! ! I ! !
24 48 72 96 120 144
t/h

4 #% Mn(II) 50 mg/L. FE#1% pH &4 T, & Rhodotorula taiwanensis MF4 B91&% 75 £ pH (A) K&

Mn(ID)EBRZEB)RIT L

Figure 4 The change of pH of medium (A) and the removal rate of Mn(II) (B) by Rhodotorula taiwanensis
MF4 at 50 mg/L Mn(Il) and different pH initially. Error bars in this figure represent standard deviation.
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Fi—Jrm, BMEEAIE pH 4&MF T (=5.5),
R taiwanensis MF4 X} Mn(I1)#Y £ R TEREFR 96 h
JG (W te pH 7.0 A4 HF s B i8S, R R
taiwanensis MF4 (1) B PE F 8 AL T P AE A
1L FE AT BE R AR AN TR AR RO, B st ] 1
FERAHMT Ma(IDEBR. TEAEKPIM, R
taiwanensis MF4 RXFEREEAE H O, A AbisPE
iX, HAEET/DREAREER, S8 Mo %
BRoRAAG, LR AN IS W AR I, AW i
KYi S5 Ma(IDE AL, 4R T MDY 2%
BRAeRPT, AR g, B B IR R
Mn(Il) £ BR R F LB )R 5 — Wik R
mucilaginosa 7E [F] 55 45 F T % Mn(I1) £ BRACE =
T 9f5", DL E4ERER R taiwanensis MF4
TERIG 50 mg/L Mn(I). #I4H pH>S.5 44T,
X Mn(ID)BA 4719 L BRECR o
2.3.2  #%E Mn(I)KEXT R. taiwanensis MF4
BB HFZ M

Bi% 144 h e, FERBRFCREATMPILG pH
(pH>5.5)FIA AW HH Mn(IDHJE R TR &M, 21
PEERE X Mn(I) Y 25 BRACR AN R 5 R o VAT 3
LBRARRT Mn(I)HAT BT i 52 1R L BRACE
U Mn(INHFE<300 mg/L B, ZERLEA RIS
pH (5.5, 6.0, 7.0)ZM T X Mn(I)#) &BRRIC I
XS WATEBLL 90.00%, HKIE N 98.52% [V

f Mn(1I) 300 mg/L, ¥4 pH 6.0]. 24 4 Mn(1I)
e PN 500 mg/L W0%h pH 7.0 404 F , R taiwanens's
MF4 X} Mn(ID)#) £ BRECE[(62.79+£0.91)%] i
T R 4 1 T [(8.73£4.74)%, P<0.05). 4
Mn(I)}y 800 mg/L i, B HRAE AP FIER I 4%
P 1) R BRACR I H 22(<10%)

WKl 5 iR, 911G Mn(1DH JEF <300 mg/L B,
22U Mn(ID Y 2 BRECRTC 8.3 22 5 . 4 Mn(1D)
IR A I 300 mg/L 43578 & 500 mg/L Fl
800 mg/L i}, R. taiwanensis MF4 X§ Mn(II)f{ 2=
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B R M (94.72£2.55)% 4 H B X & (26.75+
28.15)% (P<0.05)F1(5.42+3.41)% (P<0.05), X5
ZEHIAT I (Bacillus cereus) HM-5 X450 225414
K ZERELH], R taiwanensis MF4 XKk
JE Mn(Il) (<300 mg/L)HA HATF 1 i 32 PE g
2R 2R T R ) Min(TD) 23 % 41 i 7= A= 2
P, SETHIG] T X Mo(ID) AR BRAVER
AT B IR L B pH W1 6 BT, BRI
A Mn(IDJE 4 800 mg/L 41, HAKHEF L
AU pH B S TG . S04 MoV
50-300 mg/L B, #Ith pH {EXIHEFRZ SR pH
(BTG 0 25 5 (P9 7.8+0.3), Bz i Al A ) 8.4 [¥)
4 pH 7.0, Mn(II) 100 mg/L], 5 &K% H 52%
[#145 pH 5.5, Mn(II) 100 mg/L, %55 pH 8.4],
WEE TR MD)W E A 500 mg/L (P{H
6.7+1.3)F1 800 mg/L (FMH 4.7+0.6)55F= 1Y pH
{H. 45829, R taiwanensis MF4 7£ 1 2 Mn(1l)
[l AR 2= AR, PRETHIASE pH A, A

Removal rate (%)

50 100 300 500 800
Initial Mn(II) concentration (mg/L)

5 AT E#iE Mndl)ik E X Rhodotorula
taiwanensis MF4 BRI R A5 00

Figure 5 The effects of manganese removal on
different  initial Mn(I[)  concentrations by
Rhodotorula taiwanensis MF4. Error bars in this
figure represent standard deviation, and different
letters indicate significant difference (a>b, P<0.05,
Tukey’s test). n.s.: No significance.
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(Y Mn(I)HR B2 25 52 M B B 04 4 QIS 3l AT it
FERRAE 1 T R . Amorim 2P IZERFSY Meyerozyma
J& 2 AR 4 TR 52 1 AR R B 512 3 v 25 3]
TR NG . TERETEA KR, 2
AHLR, f¥EFREE pH EFEIR(E 4), KEEEH,
pH B Y T+ AT B8 5 3% 57 2 vh A DL 0% 43R [
R H(CN) A K2
2.4 R.taiwanensis MF4 4 47 Bt $% 4 &I 4T 3R

WniE s fros, WiiR Mn(ID<300 mg/L B, 5
£} R taiwanensis MF4 X456 BA #5047 19 22 Bk
A, HERIRE B Mn(TD55 57 5 19 B 642 pA
(K 1D), % B R. taiwanensis MF4 7£ 2 & Mn(1I)
PR R AT e A T AR SEARPER R T AR
AR R B 85 (SEM) IR 300 mg/L
Mn(ID)IAE2H B [E AR 9, a0l 7A B, 4
FMIE BZ R P BT, 28 LT 78 %5 oA 4 7 i
LT Y A AR AR TR 7 4 v W2 31 1Y) J2 IR A 4
ey,

E—2LiE i XRD 17 5 4 Hr 9] 20 2% 42 7 )
EQIaL 7/ )N N R Y PN R D =Y

N\ 2\
O.J% § §
50

100 300 500 800
Initial Mn(II) concentration (mg/L)

6 EIHI4E Mn(LD)IR B X 5 77 248 = pH HYF2
Figure 6 The effects of ultimate pH on different
initial Mn(II) concentrations. Error bars in this figure
represent standard deviation and different letters
indicate significant difference (a>b>c, P<0.05,
Tukey’s test).

F B 5 B2 £8 8-MnO, . 0-MnOOH 1 — 8% [ {4 f:
A AE(D® A TRIFIZE ) Mn(IT) & AL B 277 4
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MnO, (JCPDS: 12-0713)F&4AHARXT N . 7E 20
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(521). (54D)FN(622)dnA% T, 1E 20 2N 34.9°,
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06-0592)Hy (111). (200). (220)fh ¥ 1H . Ik
XRD &35 Hxf Ak W h A AR ) it 2
MnO,. Mn,O; /b Y MnO.,

XPS ik st REWI(E 7C. 7D), C.
N. O fil Mn ZEEEFAFR B EEILER, K
it O Fl Mn HAFFE R BT AR R AT MnO, 1L
U2 FE M 2p S BER G, TE 642 eV
AL IEVTJE T Mn 2psn, SA4L 91 IR AN S 4
L&Y 18 640.81 eV MYIEITJE T Mn(Il), H
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Figure 7 SEM images (A), XRD pattern (B), XPS wide survey (C), and Mn 2ps;, XPS spectra of the cells

treated with 300 mg/L Mn(II) (D).

b el AR 1 (A0 box AP RES
AR, B L R AS REE X R S AR T N
= A B, A RFIRASRAT

3 ik

ABIFGE o3 it — PRI BR 2L B BE R MR R
taiwanensis MF4, iz EEXT Mn(ID)HA 547 2Bk
BOR, TEWILG pH 6.0, Mn(Il) 300 mg/L 554 F,
X Mn(ID)FY 22 bR EEE ] 98.52%, % EEREE T
W2 [ R AR A ) ORI B Min(IDiF 47 B
¥ Mn(ID) 48 Ak BB A W (32 %5 T B Y

P4 actamicro@im.ac.cn, & 010-64807516

MnO,, Mn,O;. MnO), T )ZRY 1203
AR, [RIE =AY i, $Em 5 pH,
ALk 8.4 AL R KW R taiwanensis MF4
FERBRIRPERE K % Mn(1L) . $2m/KFR5E pH i
T ELA RN A, o] DO BR AT 1L R K 18
AN T AR S %,

B

[1] DU T, BOGUSH A, MASEK O, PURTON S,
CAMPOS LC. Algae, biochar and bacteria for acid
mine drainage (AMD) remediation:
Chemosphere, 2022, 304: 135284.

a review[J].



B & | MAEYER, 2024, 64(6)

2113

(2]

WANG C, WANG J, HE X, CHUAI X, WANG S, YUE
Z. Effective removal of Mn(Il) from acidic wastewater
using a novel acid tolerant fungi Aspergillus sp. MF1
via immobilization[J]. Journal of Hazardous Materials
Advances, 2023, 10: 100301.

PAN X, YUE Z, SHE Z, HE X, WANG S, CHUAI X,
WANG J.
interspecific interactions in a stratified acidic pit lake

Eukaryotic community structure and
water in Anhui Province[J].
11(4): 979.

YAMAN NB, AYTAR CELIK P, MUTLU MB,
CABUK A. A combinational analysis of acidophilic
bacterial diversity of an iron-rich environment[J].
Geomicrobiology Journal, 2020, 37(10): 877-889.
PREIZR, sk, WIEBE, W&, 47, #fh, ¥
Ko, XIS, FiE BRI K TP AR A AL T Y 20 28
Y5 R M R BRAE T [T]. SR BERR AR,
2022, 42(9): 30-39.

CHEN MZ, ZHANG LY, YUE ZB, PAN X, WANG SP,
LI W, LUO CH, LIU B, WANG 1. Isolation and

identification of manganese oxidizing bacteria from

Microorganisms, 2023,

acid mine wastewater and its effect on the removal of
Mn**[J]. Acta Scientiae Circumstantiae, 2022, 42(9):
30-39 (in Chinese)

CHEN H, XIAO T, NING Z, L1 Q, XIAO E, LIU Y,
XIAO Q, LAN X, MA L, LU F. In-situ remediation of
acid mine drainage from abandoned coal mine by filed
pilot-scale passive treatment system: performance and
response of microbial communities to low pH and
elevated Fe[J]. Bioresource Technology, 2020, 317:
123985.

HALLBERG KB, JOHNSON DB.
manganese removal from acid mine drainage in

Biological

constructed wetlands and prototype bioreactors[J].
Science of the Total Environment, 2005, 338(1/2):
115-124.

XU T, ROEPKE EW, FLYNN ED, ROSENFELD CE,
BALGOOYEN S, GINDER-VOGEL M, SCHULER ClJ,
SANTELLI CM. Aqueous Co removal by mycogenic
Mn oxides from simulated mining wastewaters[J].
Chemosphere, 2023, 327: 138467.

WANG Y, BAI Y, SU J, ALI A, GAO Z, HUANG T,
CAO M, REN M. Advances in microbially mediated
manganese redox cycling coupled with nitrogen
removal in wastewater treatment: a critical review and
bibliometric analysis[J]. Chemical Engineering Journal,
2023, 461: 141878.

AL-ABED SR, PINTO PX, MCKERNAN 1],
FELD-COOK E, LOMNICKI SM. Mechanisms and
effectivity of sulfate reducing bioreactors using a
influenced

chitinous substrate

water[J].

in treating mining
Chemical Engineering Journal, 2017, 323:

(11]

[13]

[14]

[15]

270-277.

LIU S, GARCIA-PALACIOS P, TEDERSOO L,
GUIRADO E, van der HEIJDEN MGA, WAGG C,
CHEN D, WANG Q, WANG J, SINGH BK,
DELGADO-BAQUERIZO M. Phylotype
within soil fungal functional groups drives ecosystem
stability[J]. Nature Ecology and Evolution, 2022, 6:
900-909.

RUAS FAD, AMORIM SS, LEAO VA, GUERRA-SA
R. Rhodotorula mucilaginosa the
manganese mine water in Minas Gerais, Brazil:

diversity

isolated from

potential for  bioremediation of
contaminated water[J]. Water Air Soil Pollution, 2020,
231(10): 527.

FADEL M, HASSANEIN NM, ELSHAFEI MM,
MOSTAFA AH, AHMED MA, KHATER HM.
Biosorption of manganese from groundwater by
biomass of Saccharomyces cerevisiae[J]. HBRC
Journal, 2019, 13(1): 106-113.

WANG M, XU Z, HUANG Y, DONG B. Static
magnetic field enhances Cladosporium sp. XMO01
growth and fungal Mn(II) oxidation[J].
Hazardous Materials, 2022, 437: 129332.
van NGUYEN P, THI HONG TRUONG H, PHAM TA,
CONG T, LE T, THI NGUYEN KC. Removal of
manganese and copper from aqueous solution by yeast
Papiliotrema huenov[J]. Mycobiology, 2021, 49(5):
507-520.

HUANG Y, HUANGFU X, MA C, LIU Z.
Sequestration and oxidation of heavy metals mediated

employment

Journal of

by Mn(Il) oxidizing microorganisms in the aquatic
environment[J]. Chemosphere, 2023, 329: 138594.
TKAVC R, MATROSOVA VY, GRICHENKO OE,
GOSTINCAR C, VOLPE RP, KLIMENKOVA P,
GAIDAMAKOVA EK, ZHOU CE, STEWART BJ,
LYMAN MG, MALFATTI SA, RUBINFELD B,
COURTOT M, SINGH J, DALGARD CL,
HAMILTON T, FREY KG, GUNDE-CIMERMAN N,
DUGAN L, DALY MJ. Prospects fungal
bioremediation of acidic radioactive waste sites:
characterization and genome sequence of Rhodotorula
taiwanensis MD1149[J].
2018, 8: 2528.
MAPOLELO M. Trace enrichment of metal ions in
aquatic environments by Saccharomyces cerevisiae[J].
Talanta, 2004, 64(1): 39-47.

HUANG HM, ZHAO YL, XU ZG, DING Y, ZHANG
W, WU L. Biosorption characteristics of a highly
Mn(II)-resistant Ralstonia pickettii strain isolated from
Mn ore[J]. PLoS One, 2018, 13(8): €0203285.

sie, B, WA, E407, £, B, BN,
FHE. PRI R GO 1) 20 15 4 5 K X 15 1 3A

for

Frontiers in Microbiology,

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



2114

HE Xiao et al. | Acta Microbiologica Sinica, 2024, 64(6)

(21]

[24]

[27]

(28]

B A PRI (D). A4, 2021, 61(6): 1371-1382.
ZHANG L, SHAO R, PAN X, WANG SP, WANG GC,
LI W, YUE ZB, WANG J. Isolation and identification
of an acid-tolerant microalgae and its physiological
response to manganese ion  stress[J]. Acta
Microbiologica Sinica, 2021, 61(6): 1371-1382 (in
Chinese)

MIAO Z, TIAN X, LIANG W, HE Y, WANG G
Bioconversion of corncob hydrolysate into microbial
lipid by an oleaginous yeast Rhodotorula taiwanensis

AM?2352 for biodiesel production[J]. Renewable
Energy, 2020, 161: 91-97.
USLU G, TANYOL M. Equilibrium and

thermodynamic parameters of single and binary
mixture biosorption of lead (II) and copper (II) ions
onto Pseudomonas putida: effect of temperature[J].
Journal of Hazardous Materials, 2006, 135: 87-93.
AMORIM SS, RUAS FAD, BARBOZA NR, de
OLIVEIRA NEVES VG, LEAO VA, GUERRA-SA R.
Manganese (Mn*") tolerance and biosorption by
Meyerozyma guilliermondii and Meyerozyma caribbica
strains[J]. Journal of Environmental
Engineering, 2018, 6(4): 4538-4545.
PENG H, LI D, YE J, XU H, XIE W, ZHANG Y, WU
M, XU L, LIANG Y, LIU W. Biosorption behavior of
the Ochrobactrum MT180101 on ionic copper and
chelate  copper[J]. Journal of
Management, 2019, 235: 224-230.
BURGER MS, MERCER SS, SHUPE GD, GAGNON
GA. Manganese removal during  bench-scale
biofiltration[J]. Water Research, 2008, 42(19): 4733-4742.
WANG M, XU Z, DONG B, ZENG Y, CHEN S,
ZHANG Y, HUANG Y, PEI X. An efficient
manganese-oxidizing fungus Cladosporium halotolerans
strain XMO1: Mn(II) oxidization and Cd adsorption
behavior[J]. Chemosphere, 2022, 287(1): 132026.

LI D, LI R, DING Z, RUAN X, LUO J, CHEN 1],
ZHENG J, TANG J. Discovery of a novel native
bacterium of Providencia sp. with high biosorption and
oxidation ability of manganese for bioleaching of

Chemical

Environmental

heavy metal contaminated soils[J]. Chemosphere, 2020,
241: 125039.

XU ZG, DING Y, HUANG HM, WU L, ZHAO YL,
YANG GY. Biosorption characteristics of Mn(II) by
Bacillus cereus strain HM-5
contaminated by manganese ore[J]. Polish Journal of

isolated from soil

<l actamicro@im.ac.cn, & 010-64807516

[29]

[32]

[33]

[36]

Environmental Studies, 2018, 28(1): 463-472.
MEISTER P, HERDA G, PETRISHCHEVA E, GIER S,
DICKENS GR, BAUER C, LIU B. Microbial alkalinity
production and silicate alteration in methane charged
implications
chemistry and diagenetic carbonate formation[J].
Frontiers in Earth Science, 2022, 9: 756591.
CALDERON-TOVAR IL, RIETVELD LC,
ARAYA-OBANDO JA, QUESADA-GONZALEZ A,
CABALLERO-CHAVARRIA A,
ROMERO-ESQUIVEL LG. Autochthonous tropical
groundwater

marine  sediments: for porewater

bacteria involved in manganese(Il)
Environmental Science:

2020, 6(11):

oxidation and removal[J].
Water Research &  Technology,
3132-3141.

FERRIER J, CSETENYI L, GADD GM. Fungal
transformation of natural and synthetic cobalt-bearing
cobalt
Microbiology,

manganese oxides and implications for

biogeochemistry[J]. Environmental
2022, 24(2): 667-677.

HOLGUERA JG, ETUI ID, JENSEN LHS, PENA 1J.
Contaminant loading and competitive access of Pb, Zn
and Mn(III) to vacancy sites in biogenic MnO,[J].
Chemical Geology, 2018, 502: 76-87.

YANG P, POST JE, WANG Q, XU W, GEISS R,
MCCURDY PR, ZHU M. Metal adsorption controls
stability of layered  manganese oxides[J].
Environmental Science & Technology, 2019, 53(13):
7453-7462.

SOLDATOVA AV, ROMANO CA, TAO L, STICH TA,
CASEY WH, BRITT RD, TEBO BM, SPIRO TG
Mn(II) oxidation by the multicopper oxidase complex
Mnx: a coordinated two-stage Mn(II)/(III) and
Mn(III)/(IV) mechanism[J]. Journal of the American
Chemical Society, 2017, 139(33): 11381-11391.
CHERNEV P, FISCHER S, HOFFMANN J, OLIVER
N, ASSUNCAO R, YU B, BURNAP RL, ZAHARIEVA
I, NURNBERG DJ, HAUMANN M, DAU H.
Light-driven formation of manganese oxide by today’s
photosystem II  supports ancient
manganese-oxidizing photosynthesis[J].
Communications, 2020, 11: 1-10.

evolutionarily
Nature

LIANG J, BAI Y, MEN Y, QU J. Microbe-microbe
interactions trigger Mn(II)-oxidizing gene
expression[J]. International Society for Microbial

Ecology, 2016, 11(1): 67-77.



