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Biogenic Mn oxides: important minerals in nature
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Mn (111/1V) oxides

Manceau et al. (2007) GCA

Mn oxides can incorporate and adsorb
micronutrients and metal pollutants at

Leptothrix spp. ] _
Tebo et al. (1997) Geomicrobiology vacancies and particle edges
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Study Site: Tar Creek superfund site, Oklahoma

« Major concern of metals:

Lead (Pb) 60 ppb 15 ppb
Zinc (Zn) 10 ppm 5 ppm
Manganese (Mn) 2 ppm 0.05 ppm

» Cost-effective remediation treatments needed!
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Objectives

Metal-rich water

Metal-free water
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Need to find a fungus that can oxidize Mn(ll) and remove

metals.

What will affect the formation of Mn oxides and metals

removal rates?
Why can Mn-oxidizing fungus oxidize Mn(11)?

What’s the main pathway of the myco-genic Mn(Il)

oxidization process?
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Isolate Mn-oxidizing fungi from Tar Creek
rfun site, Oklahoma

<] Media

AY+200 pM MnCl,

Y2 PDA+200 uM MnCl,
Y2 MEA +200 pM MnCl,

Leucoberbelin Blue (LBB) assay
Pick fungi that formed brown
particle to do LBB assay.
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Found a new fungus that
can oxidize Mn(I1)

NR_147459.1 Curvularia ischaemi CBS 630.82
NR_173195.1 Curvularia tanzanica IMI 507176

NR_170003.1 Curvularia austriaca CBS 102694
NR_137091.1 Curvularia alcornii MFLUCC 10-0703

_: NR_130653.1 Curvularia pseudorobusta SDAU 992347-2
NR_158447.1 Curvularia kenpeggii BRIP 14530
r— NR_170004.1 Curvularia canadensis CBS 109239

b NR_170008.1 Curvularia pseudoprotuberata CBS 385.69

NR_172405.1 Curvularia mebaldsii BRIP 12900
NR_172977.1 Curvularia tribuli

TC1: Curvularia lunata (OP531858)

_: NR _147464.1 Curvularia tsudae ATCC 44764
NR_137071.1 Curvularia heteropogonis CBS 284.91
—©® 1C1

b 1 .C317566.1 Curvularia lunata strain IFM 64654

OM281008.1 Curvularia pseudobrachyspora isolate CATAS-011904
MN599610.1 Exserohilum rostratum isolate UAS147

NR_147458.1 Curvularia caricae-papayae CBS 135941
NR_138221.1 Curvularia oryzae CBS 169.53

NR_138222.1 Curvularia tuberculata CBS 146.63
NR_146239.1 Curvularia americana UTHSC 08-3414
NR_158448.1 Curvularia petersonii BRIP 14642

NR_165932.1 Curvularia tamilnaduensis SZMC 22226
NR_165931.1 Curvularia coimbatorensis SZMC 22225
NR_147454.1 Curvularia sesuvii CGMCC 3.9578
NR_158450.1 Curvularia neoindica TMI 129790

NR_158445.1 Curvularia colbranii BRIP 13066

2022 GSA connects

NR_165187.1 Curvularia kusanoi CBS 137.29

NR 170002.1 Curvularia arcana CBS 127224

NR_158449.1 Curvularia sporobolicola BRIP 23040b
NR_170009.1 Curvularia siddiquii

_: NR_147455.1 Curvularia papendorfii MUCL 10191
NR_158446.1 Curvularia eragrosticola BRIP 12538



Experimental Setup

» Target fungi: TC1

« Qualitative analysis of Mn(l1) oxidation capacity in solid media
e 0 0or 200 uM Mn(lI)
» Spike Pb(l1) and Zn(11) of different concentration
« Quantitative analysis of Mn(l1) oxidation capacity in liquid media
* 200 M Mn(lI)
» Spike Zn(Il) of different concentration

« Growth media:
* AY media (HEPES buffer, pH 7)

« The Mn(l1) oxidizing pathway (on going)
» Enzyme/Extracellular superoxide
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Zn and Pb show distinct impacts on fungal growth
and Mn(l11) oxidation

AY 1 uM Pb ' 10uMPb  50uMPb  100pMPb | * Pb inhibited the formation of
- | | R ., ! , ([ S ' Mnoxides and the growth of
o ‘ fungi
AY+Mn 1M Zn 10pM2Zn ~ 0pM2Zn  100pMZn -, 7. inhibited the formation of
i T - — b Mn oxides but didn’t inhibit
s o e/ the growth of fungi.
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Zn and Pb show distinct impacts on fungal growth and
Mn(11) oxidation

Fungal growth curve Fungal growth curve
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 Pb inhibited the formation of Mn oxides and the growth of fungi.
 7n inhibited the formation of Mn oxides but didn’t inhibit the growth of fungi.
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Zn inhibited the formation of Mn oxides

Mn(Il) removal curve
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Possible mechanism of Zn inhibiting Mn(I1) oxidation

Uninhibited Mnx undergoes activating conformation change to bridge
two Mn(ll), lowering the Mn(l11)/Mn(ll) reduction potential

.
activation

« Hypothesis

 If Mn(Il) oxidation of our fungus is regulated by

In inhibited Mnx, activating conformation change is blocked m u Itl Copper OXI dases (M COS) ! add Itl Onal Cu

should alleviate the inhibitory effect of Zn.

activation

Zn(I1) changed structure of multicopper oxidases in Bacillus sp. to inhibit the oxidation.
Soldatova (2021) J. Inorg. Biochem.

2022 GSA connects 12



BOONE PICKENS
- SCHOOL OF GEOLOGY
¢ College of Arts and Sciences M n(l I) removal Cu rve

The effect of Cu on the £ D
= - = g_ .
formation of Mn oxides 2
GS 2]
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TC1: Curvularia lunata

(GenBank accession number: OP531858)
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Results

« Fungus TC1 can effectively remove Mn(I1).

 High concentrations of Pb and Zn have
different inhibition mechanisms on the

oxidation of Mn(Il) and the growth of fungi.

* The oxidation mechanisms of our fungus

should be led by superoxide or another enzyme.
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Future work

 Study the detailed mechanisms of
Mn(l11) oxidation by fungus TC1

« Ongoing experiments are focused on

elucidating potential pathways of myco-genic

Mn(Il) oxidization process.

« We are trying to figure out whether our
fungus oxidizes Mn(ll) by enzymes,

superoxide, or a mixture of them.
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