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1. 1 a
Figure 1. Location diagram of the Deyin-1 hydrothermal field !'!.
1. SMAR
Table 1. Sample information of polymetallic sulfides
from SMAR
Station name Longitude/W Latitude/S Depth/m 2%—=5%
DY22IV-S003-TVGO03 13.3564° 15.1656° 2875 10% 1 Fe-Ac
DY22IV-S008-TVG06 13.3556° 15.1661° 273
S008IV 7 25d Fe-Gly 2d 2 Fe-Ac
FeOOH 44 d Fe-Gly 20 d 3
L-
(L-Cys) -2,6-

(anthraquinone-2,6-disulfonic disodium salt AQDS)
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2.

Table 2. Minimum time required for different
cultures to form mineralized products

Minimum time/d 1 2 3 4 5 6
=10 11 4 7 10 0 10
11-20 41 22 19 20 1 19
21-30 6 4 2 9 8 1
31-40 15 10 5 1 1 0
41-50 19 14 5 0 0 0
51-54 0 7 7 0
=55 0 0 0 0
Total 92 54 38 47 17 30

1: Sum of total cultures from DY221V-S003-TVGO03; 2: Sum of
Fe-Ac cultures from DY22IV-S003-TVGO03; 3: Sum of Fe-Gly
cultures from DY22IV-S003-TVGO03; 4: Sum of total cultures
from DY22IV-S008-TVGO06; 5: Sum of Fe-Ac cultures from
DY22IV-S008-TVGO06; 6: Sum of Fe-Gly cultures from
DY221V-S008-TVGO6.

10
13 ( 3)

3. 10
Table 3.
transfer times

Iron-reducing cultures with more than 10 of

Culture No. Minera'l ' Strain age before Times of
formation time/d cryopreserved/d transfer
224T3A12-1 11 11 11
224T3A13-3 14 36 10
224T3A14-1 16 21 10
224T3A14-2 17 58 10
224T3A14-3 10 14 11
224T3A2-1 20 21 11
224T3A4-2 9 34 10
224T3A5 4 4 14
224T3GL2 4 4 12
224T3GL4-2 7 7,56 12
224T6GL2-2B 5 5,6,7,8,28,51 14
224T6GL2-2BP 5 5,9 14
224T6GLA4-2 5 25 10

2.2 DIRM
DNA
4 16S rRNA
PCR 1500 bp
PCR 939 bp EzBioCloud
[12] 224T3A5
XVI

Carboxydocella manganica SLM 617 (NCBI No.
GUS584133) 89.95%
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99.57% 224T3GL2

manganica SLM 617 (NCBI No. GU584133)
90.74% 224T3GL4-2

Geoglobus
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thermocisternum

89.01%

Desulfotomaculum
ST90" (NCBI No. U33455)
224T6GL2-2 Anoxybacter fermentans
DY22613" (NCBI No. KC794015)

99.52% ( 4) 224T3GL2
2.3 DIRM Fe*
FeOOH
Fez+
( ) Fe?'
Fez+ Fez+
Fe**

2%-14%  Fe*'

224T6GL7-3 (1620 mmol/kg) 224T6AL

(618 mmol/kg) Fe-Gly Fe*
Fe-Ac ( 95
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4. 16S rRNA
Table 4. Microbial diversity analysis of iron reduction cultures based on 16S rRNA gene similarity
Culture No. Sequence No. Most related type strains NCBI No. Similarity/%
224T3AS5 224T3AS5 Carboxydocella manganica SLM 617 GU584133 89.95
224T3A5 224T3AS5(A) Geoglobus acetivorans SBH6" CP009552 99.57
224T3GL2 224T3GL2 Carboxydocella manganica SLM 617 GU584133 90.74
224T3GL4-2 224T3GL4-2 Desulfotomaculum thermocisternum ST90" U33455 89.01
224T6GL2-2 224T6GL2-2B Anoxybacter fermentans DY226137 KC794015 99.52
5.  DIRM Fe'
Table 5. Fe”" content analysis in DIRM cultures
Sample No. 1 2 3 4 5 6 7
Fe-Ac Control (Blank medium) 198.56 0 0.17 0 23.83 1.58 0.07
Fe-Gly Control (Blank medium) 386.05 0 0.20 0 46.33 1.73 0.04
224T3AS 1043.28 2.94 0.17 0 93.90 1.62 0.02
224T6A6 964.62 3.45 0.20 0.19 106.11 2.17 0.02
224T6AL 618.30 1.34 0.74 3.51 55.65 7.96 0.14
224T3GL2 1468.25 4.62 1.74 7.82 132.14 18.79 0.14
224T3GL4-2 932.52 2.97 0.26 0.33 93.25 2.83 0.03
224T6GL7-3 1620.03 5.20 1.61 7.17 145.80 17.71 0.12

1: Fe** content in precipitate (mmol/kg); 2: Increasing multiple of Fe>™ content in precipitation; 3: Fe’  content in supernatant
(mmol/L); 4: Increasing multiple of Fe?* content in supernatant; 5: Total Fe?" in precipitate (umol); 6: Total Fe*" in supernatant (umol);
7: Ratio of total Fe*" in supernatant and precipitation.

2.4 DIRM 224T6A6
8 2 Fe-Ac (
Fe-Gly 3 Fe-Ac 17.5-20.0 nm) (

224T3A5  224T6A6 ) (Fe/O
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224T3GL2 224T3GL4-2  224T6GL7-3
SEM ( 2 DI-D2) 6
TEM 3 Fe-Gly 224T3GL2
(4 d)
FeOOH 224T3GL4-2
FeOOH ( 3
( 2 3) C1-C2) 224T6GL7-3
3 Fe-Ac 224T3A5 (
(4 d) 12.8-15.0nm)( 3 DI1-D2)
7
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2. Fe-Ac
Figure 2. TEM, SAED and EDS analysis of Fe-Ac series mineralized products. Al: TEM CK of Fe-Ac samples,
blank medium; A2: SAED CK of Fe-Ac samples, blank medium; A3: EDS CK of Fe-Ac samples, blank medium;
B1: TEM of 224T3A5; B2: SAED of 224T3A5; B3: EDS of 224T3A5; C1: TEM of 224T6A6; C2: SAED of
224T6A6; C3: EDS of 224T6A6; D1: TEM of 224T6AL; D2: SAED of 224T6AL; D3: EDS of 224T6AL.

Fe-Ac Fe-Gly TEM ( 6.0-45.0 nm)
(3.3-4.7 nm
( 5.0-20.0 nm) 14.7-33.0 nm) (  3)
( 3.5-4.0 nm 12.5-26.0 nm)
( 2 FeOOH
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EDS C3 D3 3 A3 B3 C3 D3)
224T6A6
( 2 A3 B3 (Fe;04) (FeCO3)

3. Fe-Gly
Figure 3. TEM, SAED and EDS analysis of Fe-Gly series mineralized products. A1: TEM CK of Fe-Gly samples,
blank medium; A2: SAED CK of Fe-Gly samples, blank medium; A3: EDS CK of Fe-Gly samples, blank medium;
B1: TEM of 224T3GL2; B2: SAED of 224T3GL2; B3: EDS of 224T3GL2; C1: TEM of 224T3GL4-2; C2: SAED
of 224T3GL4-2; C3: EDS of 224T3GL4-2; D1: TEM of 224T6GL7-3; D2: SAED of 224T6GL7-3; D3: EDS of
224T6GL7-3.
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6. Fe-Ac
Table 6. Crystal parameters of mineralized products from cultures of Fe-Ac
Sample No. 1 2 3 4 5 6 7
Control /o + 0.54 Fusiform Diameter 3.0—4.0, 0.31 Parallel to the long axis
Length 10.0-18.0
224T3A5 4 +++ 0.53 Fusiform Diameter 3.5-4.0, Dim Always parallel to the long axis
Length 12.5-26.0
Cubical, a few Side Length 8.75 0.25 At an angle of 45° to the side
224T6A6 14 ++++ 1.39 Cubical Side Length 17.5-20.0 0.25-0.29 Parallel to or at an angle of 45° to the side
Rod, occasionally Diameter 2.5-5.0, Not observed Not observed

Length 37.5-100.0
224T6AL 39 ++++ 0.59 Cubical analogy  Side Length 5.0-7.0 0.25-0.36 Parallel to or at an angle of 45° or about 80°
Rod, a few Diameter 2.5-5.3 Not observed Not observed
Length 20.0-225.0
1: Time required for mineral formation (d); 2: Crystallinity; 3: Fe/O ratio; 4: Shapes of crystal particles; 5: Diameter/Length/Side
Length of crystal particles (nm); 6: Interplanar spacing (nm); 7: Direction of lattice fringes.

7. Fe-Gly
Table 7. Crystal parameters of mineralized products from cultures of Fe-Gly
Sample No. 1 2 3 4 5 6 7
Control / + 0.56 Fusiform Diameter 3.5-5.1, 0.75 Parallel to the long axis
Length 12.0-35.0
224T3GL2 4 +++ 0.57 Cubical Side length 7.5-45.0  0.21-0.50 Parallel to or at an angle of 45° to the side
Rod, a few Diameter 3.0-6.0, Not observed Not observed
Length 17.0-45.0
224T3GL4-2 7 +++ 0.57 Cubical Side length 6.0-23.0  0.25-0.50 Parallel to or at an angle of 45° to the side
Spherical, a few  Diameter 10.0-23.8 0.26-0.31 /
Rod, occasionally Diameter 5.0, Not observed Not observed
Length 50.0
224T6GL7-3 5 +++ 0.63 Cubical Side length 12.8-15.0 0.25-0.50 Parallel to or at an angle of 80° to the side
Rod, occasionally Diameter 4.0, Not observed Not observed
Length 20.0

1: Time required for mineral formation (d); 2: Crystallinity; 3: Fe/O ratio; 4: Shapes of crystal particles; 5: Diameter/Length/Side
Length of crystal particles (nm); 6: Interplanar spacing (nm); 7: Direction of lattice fringes.
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Dissimilatory iron reducing microorganisms in South
Mid-Atlantic Ridge hydrothermal fields and their mineralized
products

1,23

Guangyu Li'"*?, Xiang Zeng™’, Zongze Shao™"

' School of Life Sciences, Xiamen University, Xiamen 361102, Fujian Province, China
? Third Institute of Oceanography, State Oceanic Administration, Xiamen 361005, Fujian Province, China
3 Key Laboratory of Marine Biogenetic Resources, State Oceanic Administration, Xiamen 361005, Fujian Province, China

Abstract: [Objective] To obtain the dissimilatory iron reducing microorganisms (DIRM) from deep sea
hydrothermal fields, analyze their mineralization ability and mineralization products, to further understand their
role in iron biogeochemical cycle. [Methods] We enriched and cultivated DIRM from polymetallic sulfides of
South Mid-Atlantic Ridge hydrothermal fields with FeOOH as an electron acceptor, and acetic acid efc. as electron
donor under the constant 60 °C temperature anaerobic condition. The morphology observation and elemental
composition analysis on mineralized products were carried out by scanning electron microscope, transmission
electron microscope, selected area electron diffraction and Energy Dispersive Spectrometer. [Results] We obtained
a total of 139 iron reducing microbial cultures from 2 polymetallic sulfides. All of them could transform FeOOH
(Fe’™ 90 mmol/L) into mineralized iron products with obvious crystal structure, mainly in cubic shape with side
length ranged from 5.0 nm to 20.0 nm. According to Energy Dispersive Spectrometer analysis, the elements of all
mineral crystals were iron and oxygen, presumably a mixed mineral composed crystal of siderite and magnetite.
The time of formation of mineral crystals varies from 3 to 54 d, and most cultures can form crystals within 11 to 20 d.
Microbial diversity indicated that the dominant microorganisms in the culture were mainly Firmicutes and
Euryarchaeota, including Carboxydocella and Desulfotomaculum, a new species (16S rRNA Homology 89%—91%)
and Geoglobus. [Conclusion] At 60 °C, bacteria and archaea in hydrothermal fields could transform ferric iron to
mixed iron oxides mineral with the simple organic compounds as electron donor. These results supported the
potential of microorganisms to participate in the biogeochemical cycle and mineralization. However, it requires
extensive research work to verify their roles in situ.

Keywords: South Mid-Atlantic Ridge, hydrothermal fields, polymetallic sulfides, dissimilatory iron reducing

microorganisms, mineralized products
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