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Curvibacter sp. strain HJ-1 induces the formation of huntite
SUN Jun LI Fuchun” LU Jiejie ZHANG Chonghong YANG Guoguo

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

Abstract: [Background] Whether in the nature or in experimental products, huntite is rare carbonate
mineral. [Objective] Explore the cause of the unexpected discovery of the huntite during the culture
experiments, on the basis of comprehensive analysis of the condition of all experiments related to huntite,
to further explore the formation of the minerals. [Methods] A series of cultural experiments in the medium
with Curvibacter sp. strain HJ-1 and initial Mg/Ca ratio of 5.0 were carried out for 30 days. During the
incubation, cell density, pH, concentration of Ca®" and Mg2+ in the medium were determined according to
the scheduled time. Mineral type was identified by X-ray diffraction (XRD) and the morphology was
observed by scanning electron microscopy (SEM). [Results] The pH value of the medium with strain HJ-1
increased, while the concentrations of Ca*" and Mg®" decreased gradually with incubation time. For
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control experiments (CK) without bacteria, the above three indicators were stable. The precipitation of
huntite began to form on the 8" day and continued to the end of the experiment (30th day), while any
minerals were not formed in the CK system. XRD patterns indicated that the number of crystal planes of
huntite is increasing gradually. This means that the crystallinity of huntite tends to be better with
incubation time. [Conclusion] The culture with Mg/Ca ratio of >2.0, the total concentration of calcium
and magnesium ions of 0.03—0.07 mol/L, saturation index above 1.95 and presence of microorganisms is

favorable for the formation of huntite.

Keywords: biomineralization, huntite, Curvibacter sp., saturation index
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AR iR Eh - AL VLl fE b, AN A T
AR o SR FH 2 B V8 0T WA A0 A 7 i 4 7
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7.6 FEARIEFREFE, pH (BB I 2 P T
(] S T T e a3, 2 25 RINHA B KAE
(8.2) (K 1A)., % pH {ELTt Y FEZ K A BE
JEr (1) MPAAEZFEAE K R T AR HLAE
AR Q) MM T R R EAR, B
AR BETK, EEsmmERE". cK
() pH E A FARFFRRAE -

MR IR Ca® H Mg e Mk 2
P W AR ) $(E 1B 1 C). Mg/Ca FLTE
%010 RZHT SR Bl s i, ZJE AR
(8 1D). CK Ay Ca*", Mg” fil Mg/Ca HLH K %K
A= B AR
22 WFE

XRD ik s (B 2 figk 1), 25 6 RZHIRIE
AT 4E A 25 8. 10, 11 f1 12 K, ULV
XRD % I 7R B 5 5 A7 (202) i T 19 73T 5 0
(d 1525 0.283 nm), MZE 13 KIFG, XRD K%
[Fi] B S8 7N 5 655 B A1 (202) F11 (40 1) i T 19 77 9 0 (5
B d{HZ90.199 nm), ILAh, 5525 RS Bk
FEEEAT(202)F1(401) A TE LASL , I8 BT G5 BE A
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Figure 1 Temporal changes of bacterial density and pH value (A), Ca’ (B) and Mg2+ (C) concentrations, as well as

Mg/Ca ratio (D) in the solution
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Figure 2 XRD patterns of the representative samples
W H: EEEA; Ve BkkA

Note: H: Huntite; V: Vaterite
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Table 1 Carbonate minerals formed during the culture experiments with strain HJ-1 and d value (nm) of their
diffraction peak
SEHRATY i 7] WE5EE 41 Huntite R A1 Vaterite
Experiment Time (d) (202)5h T (401)& i (122)8h T (1071 T
(202) Faces (401) Faces (122) Faces (101) Faces
0.282-0.283 0.199-0.200  0.163 0326
HJ-1 0.21-6 - - -
8-12 + _ _
13-19 + + - -
20 4 + = —
25 4 ue + +
30 4 4 - -
CK 0.21-30 = = =

e+ ARSI — B IAT g

Notes: + indicates the existence and — indicates the absence of this diffraction peak

2 pm

EHT=7.00 kV Mag=5.81 KX Signal A v

B3 SiEHIR SEM BB K #1 EDS

Figure 3 SEM images and EDS spectra of the precipitates

EHT=7.00 kV Mag=10.15 KX Signal A=SE2 WD=8.4 mm Supra 55

I'um

W A: 25K, JURUTIEY, EDS B/RHH Ca. Mg, C. O ZHK, H Mg/Ca (FF)IIEMIET 3; B: 4530 K, HRABR

ULIEY)

Note: A: 25 d, massive precipitate, EDS spectra showing that it is composed of Ca, Mg, C and O, the Mg/Ca ratio is approximately 3; B:

30 d, showing spherical and massive precipitates

Horp, R A EL8.314 J/(molK)], T ATl
BEARSCEERAE 30 °C &4 Fikfr, Bl 7=303.15 K).
A0=6.29+0.2 KJ/mol , A4,=1.77+1.0 KJ/mol"*
Ke=10"%"7, Kp=10"""%, xHl 1-x 53 IS K5 P
1 CaCOs fil MgCO;5 B BEIR 4345 . X T 85 B
fi[HAL22 R CaMgs(COs3), 12K i, x=0.25,
InKy,=—19.43 .

IAP=[Ca’ T'[Mg* 1" ™[CO5* ] (0<x<1) )
Hor, [CO™ AR, (HA MG pH {H Al
[HCO5 ], FIAHARG)IHAMSH(E 4 15k 2).

Bl 4 ATLUEH, ESLRPIRIE, IR Tk
FESELTIR ST SRk 1.61, T FLREZ 5% 35 s 1a] (14 4E
Kk, XRD WFsTasREM, 15 8 K2
FEARAE AR ES A DIE, ELEISE 8 K(SIikE] 1.95)
I TR RS EE A UITE . X AT RERIME , 7E ST ik %
1.95 (MASZRH WPy 0.8)LL BB, REsEia
ARENE B A HUTTE . X AT RE R RS BE A LR
DL R 2 —

HCO; =H+COs*

[COs* J[H=K,[HCO; 1, (Ko=10"%2%) (3)
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Figure 4 Temporal change of saturation index with
respect to huntite in the solution

R2 BEFRPRISEARIEIEREE

Table 2 The saturation index of huntite in the medium

IFTR] B TR P A B Tk Log;y SI
Time Ion concentration in the medium [IAP]
(d Cca* Mg COs* (x1077)
(mmol/L) (mmol/L) (x10™° mol/L)
0.21 9.71 49.82 4.39 —6.84 1.61
2 9.47 49.41 5.46 -6.75 1.70
4 9.47 49.58 7.33 —6.62 1.83
6 9.43 49.60 9.59 -6.50 195
8 9.49 49.56 9.78 -6.49 195
10 9.33 49.92 12.02 —6.40 2.04
11 932 49.65 17.42 -6.24  2.20
12 9.46 49.59 15.31 -6.30 2.15
13 9.39 49.45 17.38 -6.25 2.20
14 9.53 48.49 15.44 -6.30 2.15
15 9.52 49.29 17.75 -6.24 221
16  9.36 48.72 19.79 -6.20 2.25
17 9.37 48.76 20.39 —6.18 2.27
18  9.32 48.13 19.77 -6.20 2.25
19 934 47.73 26.30 —6.08 2.37
20 9.39 47.54 19.97 -6.20 2.25
25  9.20 47.31 26.42 —6.08 237
30 9.20 46.99 26.65 —6.08 237
3.2 RESHAREBEN

BRESBEAT 2 F AR AP AN H LR ) . FERE
BRIRER A AL A SR = e, BB B ot F A /b
WHW 1y, B AR S B h AE R a5,
Bl WAL Y B E A . FEARE
BRESEEATH, Mg/Ca ey 3.00 XAEMFFEER AR

AR 2 FLNW 2P B F R Mg/Ca HLIAEE . Zaitseva
SETE Mg/Ca Lty 42.8 (9 2541 T 5 55 05 A B o P2 v
R3] T ERe5EE 4, J53k, Sanchez-Romén 257
Mg/Ca Fb530 0 5.0 F1 11.5 2500 F 15 35 mgh i A 4m
PRI A I 2 B e ) X 2 ASSElaR AL TR
FEEEATE T Mg/Ca HEIREEIIIAI. 7 b
S51E Mg/Ca Hb o 2.0 11881 2 B2 28 A R 55 IR W h A

T A A7 1O, o AT BB B A T IR S
PEERERR, ik, FATIEE T EREM . 1E

S5 QARSI S 5)F Ca-Mg-COs™
TR R HIE AR EL W) J7 10 B BERKER 3 IR 5),
FEXF RS T B A A 1A 7 T B T
321 HESHEAMBMREIRE

BR T 1 A5 EE U AR R A S (Mg/Ca Lt
42.8, CmgtCca M9 2.14 mol/L)LISN, 5 AT MifkAS
BAIRRE CugtCea 70T 0.03-0.07 mol/L Z
] FTUL, FEASJR G R B b s B ) S
BAMIE. IWE 5 FTLIEH, HXF2 0B
SO HERIRRIC A AL 44, RFERTE BBRESEEA 1Y
S, SO0IHEGE 64y, G 1R BRI,
IR BRI F5 A 1 S ) AR /N Feff] 5 2
i R, A SCIE AR AR T BB 55 B A1 1T A
SE BRI T 4. MR, TR U T IR AL
WRESBE A 1 T A S (R3S A A2 5 G
WS 508 . X R A Bt — U T Rk
FEEEAIRR A E . 3 WoR, NPT AR AT
W, 7EMg/Ca tbh 5.0 BHE BB ESEE 47, T Mg/Ca
ok 1.0 BFSRTIE RN . Curvibacter sp BTN,
1E Mg/Ca [ 5.0 BHE BURESEE AT, T Mg/Ca Lt
7 1.0130 2,00 0 3,01 Ot U] 1 A TE LR A AE A
TR, fEZFREEREMEAT, € Mg/Ca LA ilh
20, 27, 33, 40, 44, 50, 55, 57, 82,
115 AR, U 5.0 F111.5 BS54
B R RS EE AP, /5 SR, BRABEE AR LN
A Mg/Ca HHy 2.0,
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Table 3 A list of the conditions of some microbial and chemical experiments and formed mineral assemblages

PR AR [Mg”]  [Ca™]  Mg/Ca pH THIEE) F ek
Experiment model Mineral Formation  References
(composition) time (d)
Curvibacter sp. 0.010 0.010 1.0 7.6-8.4 C 17-30 [15]
Curvibacter sp. 0.075 0.050 1.5 7.6-8.3 A+LMC 20-50 [16]
Curvibacter sp. 0.100 0.050 2.0 7.2-9.1 C+A 8-50 [11]
Curvibacter sp. 0.150 0.050 3.0 7.7-8.4 HMC 30-50 [16]
Curvibacter sp. 0.050 0.010 5.0 7.6—8.2 H 6-30 This study
Curvibacter sp. EPS 0.050 0.010 5.0 - A 1-5 [15]
WEREZEWATF I Bacillus cereus 0.010 0.010 1.0 7.6-8.4 C 19-30 [15]
HEREZE #IAT 14 Bacillus cereus 0.050 0.010 5.0 7.6-8.2 H 15-30 [15]
WEREZEF A 7 EPS Bacillus cereus  0.050 0.010 5.0 = HMC+A 1-5 [15]
WP Arthrobacter sp. 0.075 0.050 1.5 - HMC 15-50 [17]
WK Arthrobacter sp. 0.093 0.057 1.6 7.5-8.7 HMC 10-50 [18]
WA Arthrobacter sp. 0.150 0.050 3.0 7.2-8.4 HMC 20-50 [17]
IFFIE Arthrobacter sp. 0.050 0.010 5.0 7.6-8.5 HMC+A 30—40 [19]
IFFIE Arthrobacter sp. 0.300 0.050 6.0 7.2-8.4 HMC+A 20-50 [17]
HFE Arthrobacter sp. 0.450 0.050 9.0 - HMC+Ca-Dol 40-50 [17]
FFER Arthrobacter sp. 0.600 0.050 12.0 - - - [17]
R S AT Lysinibacillus sp.  0.028 0.014 2.0 7.2-8.8 ACC-+H+HMC 20-50 [10]
35 [RFTP I TRAT 1A 0.076 0.013 6.0 7.1-7.4 HMC+M 35-50 [17]
Citrobacter freundii
W Clostridium sp. 0.076 0.013 6.0 7.1-7.5 HMC+M 35 [20]
W Clostridium sp. 0.076 0.013 6.0 7.3-7.7 C+M 10-80 [21]
SRB 0.013 0.013 1.0 7.9 HMC 35 [21]
SRB 0.026 0.013 2.0 7.8 HMC 35 [22]
SRB 0.052 0.013 4.0 7.9 HMC 35 [22]
SRB 0.076 0.013 6.0 7.8 HMC+Ca-Dol+M 35 [22]
SRB 0.104 0.013 8.0 7.7 HMC+Ca-Dol+M 35 [22]
#5417 Cyanobacteria 2.140 0.050 42.8 8.4 H+Dol 3h-300d [8]
g EL T4 Halophilic bacteria 0.046 0.022 2.0 7.2-9.0 HMC 30 [9]
g EL T4 Halophilic bacteria 0.046 0.017 2.7 7.2-9.0 HMC 30 [9]
& B Halophilic bacteria 0.019 0.006 33 7.2-9.0 D+C+HM+S 30 [9]
& Eh B Halophilic bacteria 0.037 0.011 3.3 7.2-9.0 D+HM+S 30 [9]
g EL 1A Halophilic bacteria 0.093 0.022 4.0 7.2-8.5 HMC 30 [9]
W3 7 Halophilic bacteria 0.074 0.017 4.4 7.2-8.5 D+HM+S 30 [9]
&3 7 Halophilic bacteria 0.028 0.006 5.0 7.2-9.0 Dol+H+C+HMC 30 [9]
&3 7 Halophilic bacteria 0.093 0.017 5.5 7.2-8.5 D+HM+S 30 [9]
&3 Halophilic bacteria 0.065 0.011 5.7 7.2-8.5 HMC+HM+S 30 [9]
13 & Halophilic bacteria 0.092 0.011 8.2 7.2-8.5 D+HM+S 30 [9]
"&b & Halophilic bacteria 0.187 0.022 8.2 7.2-9.0 D+HM+S 30 [9]
"3 & Halophilic bacteria 0.065 0.006 11.5 7.2-9.0 Dol+H+HMC 30 [9]
G29)
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JE# No bacteria involved 0.050 0.050 1.0 = Mg-C 10 [23]

JE1# No bacteria involved 0.100 0.050 2.0 = MHC+A+Mg-C 10 [23]

JC1# No bacteria involved 0.200 0.050 4.0 - MHC 10 [23]

JC1# No bacteria involved 0.300 0.050 6.0 - MHC 10 [23]

JC1# No bacteria involved 0.400 0.050 8.0 - MHC 10 [23]

JC1# No bacteria involved 0.500 0.050 10.0 - MHC 10 [23]

. C:. Jif#f; D: Axfi; HMC: BEETA; A: XA V: BREA; He BRESEEAT; M. HUKBRES G ; ACC: AESHASERIR
B HM: KEEBER™; S: S38f; Mg-C: BEJfiRfa; MHC: HUKIrffa

Notes: C: Calcite; D: Dolomite; HMC: High-Mg calcite; A: Aragonite; V: Vaterite; H: Huntite; M: Monohydrocalcite; ACC: Amorphous
calcium carbonate; HM: Hydromagnesite; S: Struvite; Mg-C: Mg-Calcite; MHC: Monocalcite
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Figure 5 The Mg/Ca ratio and total concentration of
calcium and magnesium ions for the formation of huntite
T 20 HEARRTE MUk 5 86 A i S 36 (e rpr, Mg/Ca LN
CrvigtCoa 1R 42.8 F 2.14 Bz DO HER BoRFEE A, RMHE
Mg/Ca g R); 25 DBIRFARIZ MBS BT 5205 S0
HEAR R TCHH AW S B 51 . BdikiE L3k 3

Notes: The hollow squares represent the experiments with
formation of huntite (one of them which Mg/Ca ratio and CygtCca
are 42.8 and 2.14, respectively, is not shown); The hollow circles
represent the experiments without formation of huntite; The solid

squares represent the experiments without microorganism. The data
sources are shown in table 3
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THEZS 50BN T, Mg/Ca 43l 1.5,
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AP, Hi, 24 Mg/Ca Hl 12.0 B, Cyg+Ce ik
# 0.65 mol/LP*, X, 7E SRB £ 5, Mg/Ca
FeA3 314 1.0, 2.0, 4.0, 6.0 F1 8.0 2512 F ¥R Wbk
s VYA A

4 Hig

(1) 7EXEF% Curvibacter sp. HI-1 Btk 8 d 7,
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AT WG BEA0TE BURY 254 0T RE G456 R BE PR 5
AR H TR ME LAER AR & 5 28, (A LI
FE M, CugtCea ST 0.03-0.07 mol/L Z ] .
Mg/Ca>2.0 Fil SI>1.95 & WA I o855 T 1k
MRS 25 o AT, AR WX Tk 505 B A O
ZOCHES, HIFA R WA YA F T kRS
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