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Supporting Materials and Methods

LC-MS Determination. The liquid chromatography-mass spectrometry (LC-MS)
system used an Ultimate 3000 UHPLC-Q-Exactive-MS (Thermo Scientific, US).
Ionization conditions were as follows: heated electrospray ionization (HESI), spray
voltage: 3.2 kV, cone voltage: 30 V; source block temperature: 120 °C, capillary
temperature: 300 °C. Separation was carried out using a waters C18 (100 mmx2.1 mm,
1.7 um) at 40 °C under isocratic conditions with 0.1% formic acid/AcCN (90:10) mobile
phase. The flow rate and injection volume were 0.3 mL/min and 5 pL, respectively. MS
analysis (m/z 50-750) was carried out in negative ionization mode.

Fluorescence Determination. Samples were taken at the times intervals 0, 24, 48,
and 66 h and filtered through 0.22 pum polytetrafluoroethylene (PTFE) filters. The
filtered samples were further diluted to dissolved organic carbon (DOC) <10 mg/L.
Fluorescence excitation-emission matrix (EEM) spectra were measured on a Varian
eclipse fluorescence spectrophotometer in scan mode. Scanning emission (Em) spectra
from 250 to 550 nm were obtained in 2 nm increments by varying the excitation (Ex)
wavelength from 200 to 450 nm in 10 nm increments'. The spectra were recorded at a
scan rate of 1200 nm/min, using excitation and emission slit bandwidths of 5 nm. The
voltage of the photomultiplier tube (PMT) was set at 800 V for low level light detection.
The temperature of the samples was maintained at room temperature (20 °C) during the
analyses. Each Excel data of scan was composed of 171 Em (row) x 31 Ex (column)
wavelengths.

STXM-NEXAFS  Analyses. Stack datasets for STXM-NEXAFS

S2



spectromicroscopy from the section were collected in the transmission mode, with a He
atmosphere. For the stacks, a dwell time (DT) of 1 ms was used with slit size 20/20,
and a 35 nm outmost-zone zone plate was used for X-ray focusing. The high-resolution
stack datasets were read and preprocessed using the Analysis of X-ray Microscopy
Images and Spectra software (aXis2000). Image sequences (i.e., stacks) were recorded
by changing the monochromator in energy increments varying from 0.15 to 1.5 eV as
follows: (i) C K-edge 280.0-283.0 eV in 0.75 eV steps, 283.0-292.0 eV in 0.15 eV
steps, 292.1-305.0 eV in 0.5 eV steps, and 305.5-320.0 eV in 1.5 eV steps; (i1) N K-
edge 395.0-398.0 eV in 0.75 eV steps, 398.0-405.2 eV in 0.2 eV steps, 405.2-420.0
eV in 0.74 eV steps, and 420.0-435.0 in 1.45 eV steps; (iii) O K-edge 525.0-529.0 eV
in 0.80 eV steps, 529.0-535.2 eV in 0.2 eV steps, 535.2-549.497 eV in 0.493 eV steps,
and 549.497-560.0 eV in 1.583 eV steps; (iv) Fe L-edge 700.0-706.0 eV in 0.75 eV
steps, 706.0-714.2 eV in 0.20 eV steps, 714.2-720.0 eV in 0.725 eV steps, and 720.0—
735.0 eV in 0.30 eV steps.

C 1s NEXAFS Spectra. C 1s NEXAFS spectra were collected from BL02B01 at
the Shanghai Synchrotron Radiation Facility (SSRF). For sample preparation, one
droplet of filtrate was deposited at a 100 nm thickness onto a Cu slice. The C 1s
NEXAFS spectra were recorded in the energy from 280 to 310 eV in 0.1 eV steps (dwell
time 1 ms). The Gaussian curve component positions were verified by examining the
spectra of previously measured standards as representatives of specific functional
groups”®. An arctangent function was used to model the ionization step and was fixed

at 290 eV. All the data were normalized before curve fitting using the ATHENA
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(version 2.1.1) and Peak Fit software.

Chemical Analyses. For chemical analyses, samples were first filtered through
0.22 um PTFE filters. The filtrate (10 ml) was used to determine dissolved Fe by
inductively coupled plasma-atomic emission spectroscopy (710/715 ICP-AES, Agilent,
Australia). The solution pH was determined using a Mettler-Toledo acidimeter. The
mycelia were dispersed by ultrasound, washed with Milli-Q water, and collected by
filtration through a 0.22 um PTFE filter, followed by oven-drying (65 °C) before being
ground into power. The organic carbon content of the powered biomass was analyzed
using a Vario MACRO cube elemental analyzer (Elementar Inc.) calibrated using a
sulfanilamide standard (Elemental Microanalysis, Germany) with 41.81 wt.% carbon.

The concentration of H,O, in the solution was quantified fluorometrically using
microtiter plates which allows detection of 5 pmol with 2 uM amplex red (AR) and 1
kU L ! horseradish peroxidase (HRP) as the fluorescence regent*. H,O, in the presence
of HRP reacts with Amplex Red with 1:1 stoichiometry to produce fluorescent resorufin
which has absorption and fluorescence emission maxima at 563 and 587 nm
respectively. Prior to analysis, samples were mixed with 10 mM phosphate buffer (pH

8) to adjust the solution pH to ~8.0°.
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Figure S1. TEM image (A), size-distribution histogram analysis (B), and X-ray powder

diffraction (C) of synthetic hematite.
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Figure S2. Degradation efficiency of BPA in the different treatments (n = 3).
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Figure S3. Total ions chromatogram (TIC) from LC-MS during BPA degradation by
T. guizhouense + hematite in liquid medium. The peaks appearing at 1.23 min, 1.34

min, 1.90 min, and 3.58 min were assigned to p-hydroquinone (m/z 109)°, 4-
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hydroxyacetophenone (HAP) (m/z 136)’, 2,2-bis(4-hydroxyphenyl)-1-propanol (m/z
244)%, and BPA (m/z 228)%, respectively. HAP and p-hydroquinone are also frequently

found in oxidation of BPA by HO 7', Subsequently, 2,2-bis(4-hydroxyphenyl)-1-

propanol was further metabolized by 7. guizhouense through cleavage of the C—C bond

between the phenolic moiety and the isopropyl group of BPA to form p-hydroquinone
(HQ). HQ was further degraded into organic acids or completely degraded by

microorganisms'?. HAP was also completely metabolized by microorganisms'?.
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Figure S4. Changes in biological activity of the fungus during growth in the absence

or presence of hematite and BPA, as indicated by fluorescence excitation-emission

matrix spectroscopy. Fluorophore at the Ex/Em = 310 + 320 nm/380 + 410 nm was

used to evaluate biological activity'3. This fluorophore corresponds to fungal-produced

humic acid-like substances (Region V)4,
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Figure S5. Changes in fungal biomass (based on TOC and TON contents) during
growth in the absence or presence of hematite and BPA. TOC, total organic carbon;
TON, total organic nitrogen; BPA, bisphenol A. Data are shown as means + S.D. (n =

3).
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Figure S6. Changes in H,0, concentrations during fungal cultivation. Data are shown

as means £ S.D. (n = 3).
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Figure S7. Correlative SEM and NanoSIMS images showing the location of fungal
coatings and their development with cultivation time. (A) SEM image showing the clear
borderline between fungal hyphae and coatings after 66 h cultivation. (B-D) NanoSIMS
images showing the location of biomass ('>*C'“N-, (B)), oxygen (1°O~, (C)), and iron
oxide (*°Fe!®O~, (D)) after 66 h cultivation. (E) Composite image of *Fe!®O~ and 0.
(F) Composite image of '>C!4N-, 36Fe!®0~ and '°O". (G) Line profile of 2C!“N-, 160~,
and >°Fe'®0~ with a position shown in (A) as orange arrow. (H) Changes
in*¢Fel®Q/12C'¥N- ratios with cultivation time. (I) Regions of interest (ROI) analysis
indicating changes of %0~ thickness with cultivation time. The lines in the box are the
median value in the middle and the mean value as the square. The lines at the edge of
the boxes represent the 25™ and 75" population percentiles. The “n” in (H) and (I) is

the number of ROI and line profiles from NanoSIMS images, respectively.
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Figure S9. C 1s NEXAFS spectra of fungal-mineral samples after cultivation for 0, 24,

48, and 66 h. Note that G1-G8 represents eight Gaussian curves. Artan represents an

arctangent step function. The specific C forms of G1-G8 are given in Table S1. Open

circles indicate experimental data and solid lines show the model fits.
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Figure S10. Individual cluster images (A, B) and Cls and O 1s NEXAFS spectra (C,
D) of the transverse and longitudinal cross-section samples in Figure 2(C). (A) and (C),

the longitudinal cross-section. (B) and (D), the transverse cross-section.
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Figure S11. Difference spectra derived from STXM images of the longitudinal cross-

section (500 nm-thickness) shown in Figure 2(C). (A) Optical density difference

spectra derived from the red region minus the yellow region in Figure 2C up (transverse

cross-section) and Figure S10A and S10B at C 1s, O 1s, and Fe 2p, respectively. (B)

Optical density difference spectra derived from the green region minus the yellow

region in Figure 2C up and Figure S10A and S10B at C 1s, O 1s, and Fe 2p, respectively.

Two characteristic peaks were identified at 285.5 eV (C=C 1 s-n* transition in aromatic

carbon) and at 288.6 eV (1 s-n* transition of amide carbonyl and C-N bonds)'>-'°,
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Figure S12. Time-resolved Fe 2p, C 1s and N1s depth profiles of XPS spectra during
fungal biomineralization. Etch time was set as 0 s, 50 s, 100 s, and 200 s, which was

approximately 0.4 nm/s at the experimental conditions.
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Table S1. Peak deconvolution for C 1s NEXAFS spectra of the solution at different cultivation times.

The proportion of absorption regions (%)

Cultivation Aromatic C Phenolic C Alkyl C Carboxylic C O-alkyl Carbonyl C
time 283-286.1 eV 286-287.5 eV 287.6-288.3 eV 288.4-289.1 eV 289.2-289.8 eV 289.9-291.2 eV
(G1-G3) G4 G5 G6 G7 G8
0h 44.5 11.3 223 9.7 9.4 2.8
24 h 23.7 15.0 28.8 16.3 6.9 9.2
48 h 28.0 14.0 26.9 15.8 11.8 3.5
66 h 20.4 13.7 17.6 20.6 14.2 13.5

S17



Table S2. Changes in dissolved Fe and pH during fungal cultivation.

Cultivation Dissolved Fe pH

time (mg/L) T. + hematite T. Hematite
0h 0.01 £0.00 5.65+0.03 5.66 +0.03 5.67+£0.02
24 h 0.23 £0.02 5.41+0.06 5.36+0.05 5.57+0.02
48 h 1.15+0.09 3.24+0.04 3.31+0.06 5.57+£0.01
66 h 1.53 £0.09 2.33+0.06 2.26 £0.09 5.58 £0.03

Note: All experiments were conducted in triplicate. Data are means + standard deviation

(n=73).
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Table S3. Changes in the relative percentages of Op and O, with cultivation time.

Cultivation time (h) OL (%) Ov (%)
0 85.35 14.83
24 78.79 2121
48 72.86 2715
66 68.58 31.42

Note: O, lattice oxygen. Oy, oxygen vacancy.
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