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Figure 1. TEM image of the strain HJ-1. (CK)
99 — Curvibacter lanceolatu HJ-1 (KX 815269)
Curvibacter lanceolatu ATCC 1469" (AB 681931)
Curvibacter gracilis 7-17 (AB 109889)
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73 58_| Xenophilus aerolatus 5515S-2" (EF 660342)
Xylophilus ampelinus DSM7250" (AJ 420330)
65 Acidovorax avenae ICMP 3183 (AF 137505)
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0.005
2. ET 16S rRNA EFFFHEE HI-1 B SHEXEKRNRZTLER
Figure 2. Phylogenetic tree of strain HJ-1 based on 16S rRNA gene sequence comparison with related genera.

Numbers in parentheses represent the sequences’ accession number in GenBank. The number at each branch point

is the percentage supported by bootstrap. Bar, 0.5% sequence divergence.

actamicro@im.ac.cn



,2017, 57(3)

437

1.4
4
10* 10° 10° 107
0.1 mL M2
30 °C 2d
pHS-3C  pH DDB-303A
pH
EPSH7! - UV-1100
625 nm
EPS (18] Thermo-6000
(ICP-OES) Ca*™  Mg*
H-7650 (TEM)
(PTA) 10s
S-3000N (SEM)
3
8 nm Dpax-B X-
(XRD)
Cu Ka 30 kV 20 mA
2°/min 0.02° 10°—60°
2 R
2.1
HI-1

2

2.82x10° CFU/mL

23 ( 3
2.2 pH
pH
7.23-9.11
( 4-A)
(EC) 10 (
) 10-28
50 ( )( 4-B) CK
pH
23 Ca* Mg” Mg/Ca
Ca* Mg2+
10 Ca’*  Mg*
10 CK Ca™ Mg™
( 5-A) Mg/Ca
8
33 (2.41)
Mg/Ca( 5-B)
24
HJ-1 EPS
23 EPS
4 (2544.73 mg/L) ( 6)
~ 30¢ -
é 25 [ ' ——HJ-1
é ——CK
= 20
g 15+
5 w0}
=
= sl
£ 0 [§o000-030—0——0——0—0-—0—0——0—70
0 10 20 30 40 50

t/d
3. HEHEWMHNTEL
Figure 3. Temporal change of the bacterial density.
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Figure 4. Temporal changes of the pH value (A) and electronic conductivity (B) in the medium.
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Figure 6. Temporal change of the EPS content in the
medium.
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Figure 8. X-ray diffraction patterns of the precipitates

in the representative runs. A: 1 d,2d,6d; B:8d, 13 d,
18 d; C: 28 d, 38 d, 50 d. a: aragonite; c: calcite;
standard diagram of calcite (PDF number is 05-0586)
and aragonite (PDF number is 41-1475) are shown by
red and blue vertical lines, respectively.
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9. MRERRTMMNAREFERERR
Figure 9. Scanning electron microscope images of carbonate minerals. A: 8 d, flake and columnar aggregates; B:
13 d, irregular; C: 13 d, dumbbell-shaped; D: 18 d, rod-shaped; E: 38 d, spherical and irregular; F: 38 d, tabular and
flake aggregates.
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1. MREREUTUERIEANR. RERABATENEE
Table 1. Mineral species and morphologies of the carbonate precipitates, and the percent of MgCOs in calcite
Ratio relationship bet
t/d Aragonite/%  Calcite/%  d/nm MgCO3/(mol%) Morphology thi lri)l:nzzil;hcl)rl)og?e‘:een
1-6 - - - - - -
8 2 98 0.2981 18.28 flake +++
rod-shaped +++
9 15 85 0.2997 13.03 - -
10 46 54 0.2998 12.52 - -
13 54 46 0.3009 9.08 irregular +++
spherical ++
dumbbell-shaped +
18 86 14 0.3009 9.03 irregular +++
rod-shaped +++
spherical ++
23 77 23 0.3012 7.87 - -
28 55 45 0.3011 8.37 - -
33 40 60 0.3009 8.95 - -
38 34 66 0.3006 10.03 irregular +++
flake +++
spherical 4+
tabular +
43 31 69 0.3003 11.04 - -
50 30 70 0.3004 10.52 - -

+++: larger; ++: moderate; +: less; —: no observation results.

Table 2.

F2. LMREMEFED EPS 2 E 5 MKRERRT MES

The EPS contents and the assembled of carbonate mineral formed in several media with bacteria

Strain number

Bacterial species

Mg/Ca/(mol)

EPS/(mg/L) Mineral

Reference

SN-1 Sulfate-reducing bacteria 2.0 - HMC Su et al., 20108"
GW-2 Lysinibacillus 2.0 9-20 HMC+HC Xu et al., 2014832
MF-2 Arthrobacter 1.5 20-155 HMC+LMC Zhang et al., 20165
HJ-1 Curvibacter 2.0 459-2545 HMC+Aragonite The study
GW-M Clostridium 6.0 - HMC+Aragonite Guo et al., 2013
MF-2 Arthrobacter 6.0 20-40 HMC+Aragonite Zhang et al., 20165
—: indicates no calculation results.
Ca*-Mg>"-CO;* - CO,
Mg/Ca (PCO;) pH
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Figure 10. Temporal changes of aragonite percent in
the carbonate precipitate and the EPS content in the

medium with bacteria.
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Curvibacter sp. strain HJ-1 induced the formation of aragonite
under the condition of low Mg/Ca ratio

Lei Li, Fuchun Li’, Lu Liu, Chonghong Zhang, Jiejie Lii

College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China

Abstract: [Objective] To study the effects of bacteria on the species and morphology of carbonate minerals.
[Methods] We conducted a series of cultural experiments in the medium with initial Mg/Ca ratio of 2 but without
carbonate ion using Curvibacter sp. strain HJ-1 for 50 days. During the cultivation, bacterial density, precipitate
quantities, calcium and magnesium concentration were determined. The morphologies of precipitated carbonates
were observed using scanning electron microscopy, and mineral species of carbonate were determined by X-ray
diffraction. [Results] Strain HJ-1 could induce the precipitation of carbonate minerals, the quality of carbonate
gradually increased with the incubation time. XRD patterns showed that the mineral precipitates consisted of
high-Mg calcite and aragonite. The percentage of aragonite in the precipitates was up to 86%. The morphology of
carbonate minerals was multiform, including rod-shaped, dumbbell-shaped, spherical, tabular, as well as irregular
and flake. [Conclusions] The formation of aragonite under the condition of low Mg/Ca ratio has a close correlation

with extracellular polysaccharide secreted by Curvibacter sp. strain HJ-1.

Keywords: Curvibacter sp., Aragonite, High-Mg calcite, Extracellular polysaccharide, Biomineralization
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