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Materials and Methods

Culturing of mercury methylating bacteria

Two mercury methylating bacteria, Pseudodesulfovibrio mercurii ND132 (Cynthia C. Gilmour,
Smithsonian Environmental Research Center) and Geobacter sulfurreducens PCA (ATCC
51573), were utilized as the model microorganisms. P. mercurii ND132 cells were cultured in a
sulfate reduction medium that contained 27 mmol L™! pyruvate as electron donors and 20 mmol
L' sulfate as electron acceptors, according to Gilmour et al. (2011).! G. sulfurreducens PCA
cells were grown in a nutrient medium that contained 20 mmol L™ acetate as electron donors and
40 mmol L' fumarate as electron acceptors, described by Lovley and Phillips (1988).2 Both
media were buffered with 19 mmol L' sodium 3-(N-morpholino)propanesulfonic acid (MOPS)
at pH 7.2-7.4 during incubations. The anaerobic bottles sealed with Teflon-coated butyl rubber
stopper and aluminum crimp caps were kept in dark, at room temperature (23—-26 °C) in a glove
box (Coy Laboratory Products, U.S.A.). A microplate reader (Spark 10M, Tecan, Switzerland)
was used to monitor bacterial growth.

Synthesis and characterization of cinnabar samples

Two different cinnabars (a-HgS) were utilized as the test minerals. Nano-cinnabar was
synthesized using a sonochemical method according to Wang and Zhu (2004).> Briefly, 3.2 g
Hg(CH3COO0)22H,0, 3.6 g Na;S>03 and 5 mL triethanolamine were mixed in 95 mL nanopure
water (18.2 MQ-cm). Then, the mixture was sonicated for 60 min without any cooling. N> was
bubbled through the reaction solution to purge the dissolved O». The precipitates were
centrifuged, then thoroughly washed with absolute ethanol, acetone, and nanopure water. Bulk-

cinnabar was purchased from Aladdin Bio-Chem Technology Co., Ltd., China, and washed with
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5% (v/v) HNOs, then thoroughly rinsed with nanopure water. The two cinnabars were freeze-
dried, then sealed in the centrifuge tube, and stored in the glove box.

The crystallographic structures of the cinnabar samples were analyzed by X-ray diffraction
(XRD, Ultima IV, Rigaku, Japan) on a diffractometer with Cu Ka radiation (A = 1.5418 A).
Scanning electron microscopy (SEM, JSM-7800F, JEOL, Japan) and transmission electron
microscopy (TEM, Tecnai G2 F20, FEI, U.S.A.) were utilized to characterize the morphology of
two HgS minerals. The chemical compositions of two HgS were analyzed by energy-dispersive
X-ray spectroscopy (EDX, JSM-7800F, JEOL, Japan) elemental mapping. X-ray photoelectron
spectroscopy (XPS, ESCALAB 250Xi, Thermo Fisher, U.S.A.) was applied to analyze
photoelectron binding energies, and spectra fitting was conducted using software package,
Avantage v5.976. The surface areas of nano-cinnabar and bulk-cinnabar were determined using a

surface area and porosity analyzer (ASAP 2460, Micromeritics, U.S.A.).
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Table S1. Physicochemical properties of nano-cinnabar and bulk-cinnabar.

Crystallite size BET surface area
Crystal facet (nm) @ (m? g1) ?

(011) 6.85+0.24

Nano-cinnabar ¢ 14.76 + 0.06 *
(102) 8.13+0.17
(011) 4573 +0.26 *

Bulk-cinnabar ¢ 0.5+ 0.06
(102) 57.05+0.26 *

¢ Crystallite sizes were estimated from the broadening of XRD peaks by the Scherrer formula.
> BET surface areas were measured by N» adsorption using the Brunauer-Emmett-Teller (BET) method.
¢ Data represent mean =+ 1 standard deviation (n = 3—4). Values that are statistically different (p < 0.01) between

nano-cinnabar and bulk-cinnabar according to the two-sample #-test are indicated by asterisks.
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Table S2. Characterization of extracellular polymeric substances (EPS) derived from P. mercurii

ND132 and G. sulfurreducens PCA.

EPS properties EPS(ND132) ¢ EPS(PCA) ¢
Protein/TOC (%) 54.76 £1.67 * 21.88+1.46
Polysaccharide/TOC (%) 6.38 £0.42 17.37 £0.60 *
TN/TC (%) 546 +0.63 * 2.04+0.21
TS/TC (%) 0.87+£0.04 * 0.32 +£0.03
SUVAs0 (L (mg-C)! m!) 3.14+0.02 * 1.69 +£0.01
S275-295/S350-400 2.93+0.52 4.04+035*

¢ Data represent mean + 1 standard deviation (n = 3—4). Values that are statistically different (p < 0.01)
between EPS(ND132) and EPS(PCA) according to the two-sample #-test are indicated by asterisks.
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Table S3. XPS spectral features of C 1s and Hg 4f signals for nano-cinnabar in the absence and
presence of EPS(ND132) or EPS(PCA).

Signal Assigned peak Binding energy (eV)
C-C, C=C 284.8
Cls C-0, C-0-C 286.8
EPS(ND132) O0=C-0O 288.8
Hg 4fs5p 104.8
Hg 4f
Hg 4f7/2 100.8
C-C, C=C 284.8
Cls C-0,C-0-C 286.7
EPS(PCA) O0=C-0O 288.7
Hg 4f5/2 105.0
Hg 4f
Hg 4f7/2 101.0
Hg 4f5/2 105.2
No EPS addition Hg 4f
Hg 4f7/2 101.2
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Table S4. Raman band positions and assignments for tryptophan and phenylalanine according to

the references.

Amino acid Band position Band assignment Reference

Harz et al., 2006;
Xue et al., 2008;
Zhuetal., 2011

C-C stretching vibration of pyrrole

1546-1561 cm™! .
ring

Okada et al., 2001;
Xue et al., 2008;
Chuang and Chen, 2009

Stretching vibration of

1418-1442 cm? .
benzene/pyrrole ring

Fermi resonance between N-C
stretching in pyrrole ring and
combination bands of out-of-plane
bending

Sato et al., 2007;
Harz et al., 2008;
Xue et al., 2008

Tryptophan 1355-1376 cm'?

Harz et al., 2008;
Sanchez et al., 2008;
Schlamadinger et al., 2009

Out-of-plane breathing vibration of

1007-1015 cm* .
benzene/pyrrole ring

Harz et al., 2006;
Harz et al., 2008;
Schlamadinger et al., 2011

In-plane breathing vibration of

755-764 cm! .
benzene/pyrrole ring

Harz et al., 2006;
Zhuetal., 2011;
Hernandez et al., 2013

In-plane stretching vibration of

1604-1608 cm* .
benzene ring

Harz et al., 2006;
Phenylalanine 1207-1210 cm? Side chain C-C stretching vibration Harz et al., 2008;
Hern&dez et al., 2013

Harz et al., 2006;
Harz et al., 2008;
Hern&ndez et al., 2013

Out-of-plane breathing vibration of

1004-1007 cm'? .
benzene ring
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Fig. S1. Fraction of the total mercury after the samples were centrifugated at 14000 rpm for 30
min. The nano-cinnabar and bulk-cinnabar samples consisted of 0.5 g L' cinnabar without the

addition of EPS. The Hg(NO3), sample consisted of 8 pg L' Hg(NOs), and 15 mg-C L' EPS.
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Fig. S2. XRD spectra of nano-cinnabar and bulk-cinnabar.
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Fig. S3. SEM images (a, ¢), EDX elemental mapping (b), and TEM image (d) of nano-cinnabar.
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Fig. S4. SEM images (a, ¢), EDX elemental mapping (b), and TEM image (d) of bulk-cinnabar.
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Fig. S5. XPS spectra of C 1s signals of nano-cinnabar in the presence of EPS(ND132) (a) or EPS(PCA) (b). XPS spectra of Hg 4f
signals (c¢) of nano-cinnabar in the absence and presence of EPS(ND132) or EPS(PCA).
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Fig. S6. SUVA2g0 values of EPS(ND132) and EPS(PCA) solutions before and after the
dissolution of nano-cinnabar and bulk-cinnabar. Error bars represent + 1 standard deviation of
replicate samples (n = 3—4). Values that are statistically different (p < 0.01) according to the one-

way analysis of variance (ANOVA) are indicated by italic lowercase letters.
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Fig. S7. The modified Stern-Volmer plots (a) and static quenching data fitting (b) for
fluorescence quenching of peak A and peak B in EEM fluorescence spectra of EPS(ND132) and

EPS(PCA). The red solid lines represent the linear regression fitting of fluorescence data.
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Fig. S8. Structural formula of aromatic amino acids. (a) Tryptophan, (b) Tyrosine, and (¢)

Phenylalanine.
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Fig. S9. Ultraviolet absorption spectra of tryptophan (a), tyrosine (b), and phenylalanine (c) at
different concentrations of aromatic amino acid. The absorption coefficient (a, cm™) is converted

from the absorbance (A4) followed by the equation a = 2.3034//, where [ is the path length (cm).
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Fig. S10. The optimized ground-state geometry structures (a) and electron density difference
maps (b) of the cation-n complexes formed between aromatic structures of three amino acids and
Hg(HS)". The unit of distance between Hg atom and C atom in (a) is A. The light green and light
blue colors in (b) represent electron accumulation and electron depletion, respectively. The

isosurface value (p) of electron density difference is 0.001 au.
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Fig. S11. The nic(7%) (a) and meen(57°) geometry structures of the cation-m complexes formed
between benzene and transition metal cation (adapted from Yi et al., 2009). The light blue and

gray spheres represent transition metal cation and carbon atom, respectively.
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