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Product characteristics of copper bioreduction and mineralization
mediated by Shewanella sp. FeAMO from a deep-sea
hydrothermal field
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Xiamen, Fujian, China
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3 School of Marine Sciences, China University of Geosciences (Beijing), Beijing, China
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Abstract: [Objectives] To screen copper-resistant and copper-reducing bacteria from deep-sea
hydrothermal sediments and systematically analyze Cu(Il) bioreduction process mediated by the
bacteria, and mineralization product characteristics, thus filling the knowledge gap regarding
microbial participation in copper cycling in deep-sea hydrothermal environments. [Methods] A
strain, Shewanella sp. FeAMO, was obtained through anaerobic enrichment culture. With sodium
lactate as the electron donor and Cu(Il) as the terminal electron acceptor, inductively coupled
plasma mass spectrometry, scanning electron microscopy-energy dispersive spectroscopy, X-ray
diffraction, and X-ray photoelectron spectroscopy were employed to analyze bacterial growth,
copper reduction kinetics, and physicochemical properties of the products. [Results] Strain
FeAMO exhibited high tolerance to 400 pmol/L Cu(Il), achieving a Cu(Il) removal rate of 96.8%
within 72 h. The mineralization products were spherical microspheres with diameters ranging from
5 to 10 um. The bulk phase was predominant crystalline cuprous sulfide (Cu,S), while the surface
was stably enriched with metallic copper (Cu”) nanoparticles, forming a core-shell heterostructure.
[Conclusion] Shewanella sp. FEAMO can tolerate Cu(Il) with copper transporters and generate
Cu,S-Cu’ composite minerals by coupling copper reduction and sulfur reduction pathways. This
study not only elucidates the mechanism of microbial-driven copper and sulfur cycling in
hydrothermal environments but also provides a potential strategy for heavy metal immobilization
and resource recovery.

Keywords: Shewanella sp. FeAMO; Cu(Il) bioreduction; copper sulfide (Cu,S); elemental copper
(Cu); biomineralization
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2.1 Shewanella sp. FeAMO HJ Cu(1)if

DAFLEREN A A FIBR IR, R 250 mg/L
(400 pmol/L) CuSO4 1E Ay ik — A iy HL, 52 AR Yy 55
FR R, FeAMO JEILH 3519 Cu(1)id 5 fE
J1(E 1), B35 2d )5, 8536t UK (R
WiAR MR LT (R, B T RIS RS T
JC B BRALAEAH ) 25 1 R DL A8 fh (B 1A),
o BH B0 2 A8 5 0 TR A S5 8 A 3 D B T
YIRS, FIH ICP-MS X _E i P 4 Cu
BRI TR, S5 EOR, ERRFRAT 3 d N,
VoS it 25 VAR B FR 0T 4R Y 250 mg/L (400 wmol/L)
M % 8 mg/L (32 pmol/L), £ FHik 96.8%
(K 1B), FH R EA @80 Cu(I) Y fE
VSRS Cu(IV 1 BRI, AR FeAMO 1
AT 55 4 Kk B4 (1.03x107 cells/mL),
bl fe AR A (E 1B).,
2.2 Shewanella sp. FeAMO i i% & /=
MEHIRT WS T RAR

KM SEM-EDS ® 35 F%%5 2 K55 7 R

~ Control 2 day 7 day

B

R H B T TS T E 08 (F 2).
SEM K& /(B 2A. 2D), BRSNS &
BRERAAANE FEGHEBRIE R, R
giitKWI(# 2B, 2E), XELORIAY H AR 257
AATE 5-10 pm Z[0] . #—2 19 EDS M4 72 Hr
R (K 2C. 2F) R, Hl(Cu) S5 HL(S) TR MR
HE X 5 S o X el e B T S HE S0 A1
WL R W - 5 W) . AT R i =,
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Figure 1

Growth and Cu(Il) reduction of strain FeAMO under 250 mg/L Cu(Il) stress. A: Time-dependent

changes in medium coloration; B: Growth curves of the strain (cell abundance) and temporal variations in

dissolved Cu(II) concentration in the medium.
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)
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Figure 2 Temporal evolution of morphology and elemental composition of the biogenic products synthesized by
strain FeAMO. A, B: SEM images of the products collected after 2 days of incubation; C: Corresponding EDS

elemental mapping overlay; D, E: SEM images of the products collected after 7 days of incubation; F:

Corresponding EDS elemental mapping overlay.
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Figure 3  Evolution of crystalline phases of the biogenic products during Cu(Il) reduction by strain FeAMO. A:
XRD pattern of the initial precursor CuSO4-5H,0; B: XRD pattern of the products collected after 2 days of

incubation; C: XRD pattern of the products collected after 7 days of incubation.
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Figure 4 Chemical state analysis of surface Cu (3—10 nm) in the biogenic products produced by strain FeAMO.
A-C: High-resolution Cu 2p spectra of the precursor CuSO4-5H,0 and the products collected after 2 and 7 days
of incubation, respectively; D-F: Corresponding Cu LMM Auger spectra of the same samples.
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Formation of copper sulfide minerals
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Figure 5 Schematic diagram of copper/sulfur metabolism and biomineralization mediated by strain FeAMO.
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