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Abstract

Based on the salt mud samples collected from Yinjiashan Salt Farm in Jiaonan Qingdao. The stan-
dard method was used to screen 7 strains that could tolerate 25% salinity. A better-growing ha-
lophilic strain named LMZ2 was selected and carried out morphological, physiological and bio-
chemical, and molecular biology identified. And the growth, pH changed and carbonic anhydrase
curves were also tested and drawn. Then different magnesium-calcium ratios (0, 3, 5, 7, 9, respec-
tively), LMZ2 halophilic bacteria, at 25% salinity, more systematic experiments of carbonate mi-
croorganism induced mineralization were carried out under pH 7.2 conditions. The results
showed that strain LMZ2 of halophilic bacteria (Genbank No.: MH430039) is one kind of
gram-negative bacteria, not producing spores, producing ammonia and contact enzymes, and
therefore can be identified as Chromohalobacter israelensis. Chromohalobacter israelensis LMZ2
can reach up to 0.8 of 0D600 value after 150 hours culture. However, at about pH 8.0 225 hours, it
does not produce carbonic anhydrase. When the ratio of magnesium to calcium is 0, there is only
calcite. When the ratio of magnesium to calcium is 3, 5, and 7, it can induce a combination of mag-
nesium-containing carbonate minerals such as monohydrate calcite, magnesium-rich calcite, and
magnesia carbonate. When the ratio of magnesium to calcium is 9, it is single Monohydrocalcite. In
the presence of magnesium ions, the mineral grains and mineralization degree induced by halo-
philic bacteria are better. This study shows that extreme halophilic bacteria can positively pro-
mote the formation of magnesium-bearing carbonate minerals and unstable calcium carbonate
minerals in high salt environment. This study provides an important reference for explaining the
formation mechanism of related carbonate minerals in geological records.
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1. 5|8
WE Th R e R IR O R B B B SRRE1], RR B 40 I 5 A A AL AR A5G AL B TR s R R R AR AT
[2], VBT T AR T b T4 o SRR G R A0 & B ) 22 TR/ K B OB, s IR Sk Ak v 1) 40

B (Na B 14 H S AR R Y, [RIN SRR RR RE WS TR VB BUR I, R B AR S 2 BRI IE T . B EhTE
HAMBFHAB S BV M 2SR, AT R RAEE Y BR GUH B B AN, ZBIEA
HhEE T2 RIE3], RSO R TN R
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BHEEFR D AEER TS R ER, IR BRI I UTE SHEIEL R R [4]. ITHERK, 4
AP0 R IR SR D IR B CL ORI 2 E R AT R AR i[5 ]. AE I A2 4E AR il i AR R T
W TN P I R (6] AW 7= AL B BRS040, |2 B o0 AR AE g P A YA A 5 [ 7] [8] [9] [10]
[11], RIS &R WAL S R EENT Yz —.

PRI, HuER b 00 S5 06 AL dy T AR IR T s B R IR 12]. —S8WF N OB AT 7 R E AR I = A AR
o SIS R, B RO LR IR I BT B R M 13] [14] [15]0 Bl P IR th i)
AEAFRE I RNE NV I FOR AT B TR T A M BR R AE VB Tk . 7R BRI P e, SR I B
WE LA B DL — € (1) Ehik FE S SR SR, A Bh T e A 2R VDS BT LB [ 16] [17] [18] [19]. W&
AR IR 5 & AR, SRR IR RAT) 2 KIE[20]. RN HARAE T X DL E B Ak
M Y——B a4, EmshAE PN ER SR, W gk s s LIg21], R e W Ehi22],
FERCMMG 55231 WEAE VAR T 3R EMIER 4L, WM rTRe 2 5 T s ARl . H
HI XTI 1 B AAE 0 A B TR b TE m SRIR FE IR BE T S0 I I, Sebr_EAT SR TEVE I DA R B
A=A BRI

2. MN57EE
2.1. HRANAF

2.1.1. HRBESRE
A2 B P B RE S B E 3 5 L R I AR W TR, R TR AL TE R S T, AT Ak B
BRI R . AEIZAE E I BEN LIRS, I R T A R R R S

2.1.2. EFR
1) EHERFRIE: FRE SgL, HEEARK 10 g/L, NaCl200 g/L;
2) AifbEE A 1. FWE Sg/L, EEFR 10 g/L, NaCl200 g/L;
3) AifbEEFREE 2. FE Sg/L, JEEFR 10 g/L, NaCl250 g/L;
4) [FERAifEE A 1 4B S gL, BEEM 10 g/L, NaCl 150 g/L, 5 20 g/L;
5) BEF&aifizFRst 2. FRWE S gL, HEAM 10 gL, NaCl200 g/L, /& 20 g/L.

2.1.3. SEIERF

FWE. BREAK. BE. BEEHRF . NaCl. CaCl,-2H,0. MgCl-6H,0. NaHCO;. Na,CO;. CaCO;.
30%i AL A K ZEE. BAME. KR, KOH. HIILL ., Ntk = 23Rk + he S miiRen
L NG R .

2.1.4. ARG EHNER

SW-CJ-ID BB NI TAE S : 75 b %) s FC204 TR LI E R PFHEIRA A
LD2X-50FBS R & 2R Kidi%e: g 2748k 101-1SB BY G TR A8: 0 T s gl
s TG16-W A S S L bl: KIDIACE O AR AWl ;. DHP-9050B # g 7Y A iff 3 7546 -
HEIRIRSEIS W % AT ;s THGX &R 7:4: IR T 83 A IR A =) PHS-3EpH 1f: LIS
HANTCERA R AR TCT3 BEEFY WA FESRAERHEAA R AR YS2-H1112438 fRfi ) 25
5. Nikon CHINA; X $I£EA745(XRD) (UltimalV2036E202); 722 B0 et it: EHEks S5 S R A TR
2wl WFAX(3730XL): Applied Biosystems; 1Hif#35 7= #(DHP-9162): KGRI -

DOI: 10.12677/amb.2021.101008 64 TRAEAI T


https://doi.org/10.12677/amb.2021.101008

ERE 5F

2.2. BB

2.2.1. BRI EHEMAL

1) BRI E SR

HURE i () 35892 HE ¥ 20 mi 3284 10 ml - 200 mL £ 5 20% (1) & 4255 77 36 3047 | SR 9%, ARG B T 28°C
120 r/min 261 FREH R FR. QR IEASVEME, BN C8h KB RIIAIE B HE 1

2) HERRIAiLEs IR

S B E R IR P A KRR, TR TR E R BRI, MRS R s A
b, FEDEWT:

O HIHBEEEEWR, ELEEM FRCKER PEEFIA 0.1 mL HHA 0.9 mL #KE A 20%1) &
K, FAEFEHE 107, 10720 107, 107 107, 1071 1077 AMFBEE 1 1 B

@ FHRRAT, BRI B INAL) =02 — R IR MARF ISR RS N 15% 40k 975 1, #5304
g, PP FR A4 BN 107, 107, 1077 AR5 B B 100 pL, BI51 AR R R IR TG,
# LI, 5, BABRER =PI, & HE DUBEE IO, AJEHIEE R 7R 28 CRr BB 77,

@ PARIGIRIL LR VAR, TECREIAEE T AR 2, =X RN, [EkssRmf)E, 17
SRR SR E BRI B TS, RO N R A PR B I B R T 25% SR AR RS, B R
BT R EG R R, WEH oD 14,

@ WK RIS, W0 R, AT TR 20% 1 [ R R IR AR, Ry, EED
BOE®@, =5,

DAL, BRERNE AR IR I K. BT 3B T B 5%,

2.2.2. YAE 16SrDNA B E

Y DRI ) BRI B BTG A A 5 43 B R B VR, K FL AR R AR TR A =10 5 AR AT I
HFAFF5 )5, FIH DNAMANG.O S HEAT P 5B, R4 PiHEas B EAL 3] NCBI Wik, #E1T Blast, K73
Z PR 16StDNA [R5 1% (identity) Rr 2 25, I8 H W N FEVRYE R T 99% € AR, 1 95%F1 99% 2 (8], N
SESCAJE, NT 95%IU5E SUAERL. T #5571 B Fk 16STDNA A & (1) P Zh B F& 16STDNA L [K ¥ 51
FIFH MEGAG6.0 BAF AR B Pk 1 L X 45 31T 16SIDNA 1A% #H 2 20 #r, SR 4T $%3% (Neighbor-Joining
method) 373 R ZEHEIL I [24], FFiBIL H 20 Hr(Bootstrap) BEAT BLAS AR I,  E 28848 1000 k. FFH
HARGKEW, g LMZ2 S .

2.2.3. LMZ2 EHESEREBELEE

1) # Ry s

Wb B RO R e TRy b, R SR e 4 T SR P R B e, TR REAT I, ALY
HYeSa, ZREKede. T, B, BXRAMEEES6O, FEXRPIMERaa.

2) FYL s

W 355 75 2 6 A5 T A R U R RR P BRI 2 TR RTE BRI b, T [EE . W 3~5 LA LR gL
T CEERR A b AR E K IE g, ORFE RS R RAS 4~5 min. 125 44K,
R 74 H G 2R I8K0K 2 R fLE SRRt v he . R 4KIRIE Yy, TR AR T8 . fF3AT
BRI, BTMENEE, FHESE, WikREAA,

3) B 4 S

WREX 4 mL BT EP & F, #5E 4000 r/min, 4°C&.0» 5 min, FPE LER, H NHEBYM0. 7£50
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BN 3%0d H A 2 mL, WS O A DLR PR AR SR IR R o LRI BRSO B
P, BRAHHIHE.

4) FAEMESLR

Bl B %2 N A E 0.5%. K,HPO, 0.05%. MgSO, 0.05%. pH 7.0~7.2 By 553k . xR AEH, o2
B 4H 32 1% 00 FLAGE R A4 b 7 WRIE R, 30°C 1595 24~48 ho FEIE IR AN 3~5 W40 Eikyr), P ot (B
KR ) UTUE N B PR OB, A2 T )3 25 6 N 9 AR 7 f5 TG 38 E(BRAR A0 ) e H B

23, RERET MRS HER

2.3.1. BT HIEFE
BRIR ER 0 WU T BT B 9 3 S5 5 1.

Table 1. Gradient concentration in Mg/Ca ratio for inducing mineralization

=1 IBFH UHERE Mg/Ca tb B8

Mg/Ca N (Ca*")/mol-L™" N (Mg*")/mol-L™
0 0.01 0
3 0.01 0.03
5 0.01 0.05
7 0.01 0.07
9 0.01 0.09

Tk

i) BCHIAE Mg, Ca & &IGFREE, 121°C, KT 20 min;

i) A NaHCO; BER, 732K N 0.01 mol-L ™', 1 I8 K,
iii) ACi| MgCl, f1 CaCl, 81, 121°C, KB 20 min.

2.3.2. WEMESW LIRS
MG 1 BLE Mg/Ca LLBEE 04 3. 5. 7. 9, WAKRERE 2 MFATHE, 224, 23 9 scis 4L

XM . IR R 1%, WIRAETLHT AN, BIRUaEBy 200 mL. M 5ERE, KLk
AN IR E T 30 CEIRE R BRI . e WIS = a0 Mot

2.3.3. RAERERNE

B R THE T B0 b, 8 E 10 min J5 755 RIS, RSSO &A1 mL 248K,
PR~ IRA, BE 10 min 5, 75 ER, WA ZEBKER =K. BEMA 1 mL R, &%, B
G, FE LB, WkiEE 2 K. BUSIMNKZ 300 uL 5K, TR RAE, BUL BRSO THB
F, BTG E MBI,

2.3.4. XRD 44

IS R BB YT T RO, BUSFRERERUUE TR0 H, BE 10 min 575 BER, RER
ANEOE RN 10 ml ZZUBK, IR IRA], FRE 10 min J5, FFE LIEWR, Wik KSR =K.
FrE 10 min J57F 5 LI, REEANBEOERSIMAN 6 ml TAKZEE, &%, WA, FE 10 min J5, 3F
2 BIEW, W TOK SRR =R 2 JEIE, ONMIRE Y, AT XRD BIMLEr AT, XRD $4H M &
N 10°~90°, HK K 0.02, FIEHESE 8°/min.
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2.4.LMZ2 %4k, pH phek K B ETEs 2o E

2.4.1. K ROMIE

BB FEEL 2.00 mL Ff R BB IR S 9% 10~12 ) NBEA 200 mL 3532 4, 78
MR FEF (O hy 1.5hy 3h. 4h. 6h. 8h, 10h, 12h. 14h, 16 h. 20h. 24 h. 26 h. 30 h Z5)7E
TR R 4 mL B5 3R T RS 08 b, fa A Pl e OB A AR BRI RS IR E 2 ET X R,
e 600 nm K AT G HL I E o RT3 OD600 {55537 [RI/E ], Zeil AR K2k

2.4.2. pH Tk hsk

R BARFEEL 2.00 mL 1 1S B35 IR 77 10~12 h)FENEE 200 mL 35 72 M+, fEAH
M FERF (O hy 1.5hy 3hy 4h. 6h. 8hy 10h. 12h. 14h. 16 h. 20h. 24 h. 26 h. 30 h Z5)7ET
WG 4 mL B9 T B0, ME R FRIN pH (A . KP4 pH 5555 AIMER], 23] pH
A 2K o

2.4.3. ERERETEGHhLZE

HRAE Zhuang 25 A 23 W ik AE 00 R B BRI 1 0 7 VAT MR (25 W VIR TRV 101 TR A (B EL 1.5
mL), HUEELE 400 nm LbWE SBRTROGEE s TE 35 BEZKH YA T RS 30 min, THIEE Tk 1 (n]
DUBCE AEUKAR FP AT 200), BUE S AE 400 nm AT E OB GO 13I8, 5 0 o gk 47 A 2

3. BRE S
3.1. LMZ2 BEi#kaY 16SrDNA FHl 5 R E 5 2F Ml

FIH BLAST ¥ Frill#3 ()7 %1 (Genbank &35 : MH430039)5 GenBank/NCBI il 5 v & 55 )
16StDNA 74133047 [AIJ5 P Eb A, it 4 #% (Neighbour Joining)i: My E R 45 K% B W (MEGAG6.0). % Hkir 44
LMZ2, FIF GenBank %4 FEdkAT [RIVE 74148 2%, #2215 K RIVEVER S 0B E, 8RR P = 1
FRAN[FIRL 57 & (0 oAt A () 16SIDNA FE 41 5 bk LMZ2 ) 16StDNA FE #3470 L, 5 5 H e i b
RER, B AEEMEN RGEKEN, WE 1.

100y LMZ2(MH430039)
! Chromohalobacter israelensis ATCC 43985 T(AJ295144.1)
99| Chromohalobacter canadensis ATCC 43984 T(AJ295143.1)
Chromohalobacter canadensis strain ATCC 43984 (NR 025430.1)
s 10% C.marismortui ATCC 17056-T (X87219.1)
ATCC 17056 (NR 026251.1)

Chromohalobacter marismortui
80

Chromohalobacter beijerinckii  ATCC 19372(AB021386.1 )
— Halomonas eurihalina strain ATCC 49336 (NR 026250.1)
96| Halomonas elongata strain 1 H9 (NR 029227.1)
100 Halomonas.elongata (X67023.1)
100/ Halomonas elongata ATCC 33173(AM941743.1)
Halomonas elongata ATCC 33173 (M93355.1)

62|
Halomonas elongata strain ATCC 33173(NR 115091.1)

0.005

Figure 1. LMZ2 strain phylogenetic tree drawn from Neighbor-Joining analysis based on the sequence alignment

B 1. Btk LMZ2 £ T FHILE 3B ERZN R G L B
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AR LMZ2 B FEE) 16STDNA F81K: 4 1398 bp. B it %t LMZ2 E#E ) 16SrDNA 551 1 Genebank
R EVE SR A 16SIDNA A T BR RIVEPE L B RIS Chromohalobacter israelensis ] 16STDNA % H
B2 5 4 55 MBI AE 100%, B A T 16SIDNA FAIMEM R G K E M KE, LMZ2 Wks
Chromohalobacter israelensis 3 % < & i il , M B AR LMZ2 128 5 5 O DL 31 5 36 4 B

(Chromohalobacter israelensis) .

3.2. LMZ2 BHRBEIBE W E R ER T

BATRARE ST, E2 RGO RE. AR, Simiss sl . Utk

Figure 2. Physiological and biochemical characterization of LMZ2 bacteria (a) Bacterial colony morphologyof LMZ2, (b)
Gram stain of LMZ2, (c) Spore staining of LMZ2, (d) Catalase test results, (¢) Ammonia qualitative test results

2. LMZ2 RERAEIRE W E (a) LMZ2 BERA, (b) LMZ2 EXRPE, (o) LMZ2 FHS e, (d) EmEEie,
(e) BREMIRE

EARFEEAG, FEY, FE, BEHEF 3~4 mm N, REDLH, SHEFEESANES, WK
2(a). MWL HE L RYE)E, BT OEFEMBNE, LMZ2 K4 RE 2b)fin, Qet)ahat, RN
RGP EAE. MRAFRRG)E, 2T RMENE, LMZ2 MR ME 20w, WENTLER.
AP B OIEBE, TR BRI T EP B mA 3% Mg S EE W, s R 2(d) s, AEFEEL
BN LMZ2 B& R i A SO A0 AR, Ui Z AR S A S A A, I as AR . 1] 2(e)
IIANGNRGGRG, SEIe AR AR A UTNE, XIBA T AUTiE. LR, LMZ2 (i FRd R ar4
AR RPN LMZ2 0 AE KRR pH AR AL T AT 2% A

1) MR

LMZ2 Bk, SE2RBMR, DR, .

2) AEMHFME

LMZ2: Ffblg AP 2= Mo Ba .

LMZ2 5[RFh R A B A ], Wk 2,

Table 2. The comparison of identification of LMZ2 and Chromohalobacter
% 2. LMZ2 5EM & AT R R LRI R

HiH LMZ2 AT
EE e - -
FgE - _
Al AR + +
AAENE + +

i L A A AR AE S AT, S5 A B3R 16SIDNA 73 A48 R HT, T bk LMZ2 & —Fh DL S B AT 1
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3.3. LMZ2 & 4ih%k. pH HhZ BRI Rg 2 &

08
@ —=— 0D600 ®) @
0.74 - ﬁ/\\! o4 ® —=— Enzyme concentration
J ‘.’F.I.l‘- i 50 jk,/‘\ \.
] . .- my ~
06 - . . o 5
L m-m
05 { - = 50 "
[ g "
§ 04 . —e—LMZ2 g -
2 ) %7'5 4 +— Control g n
S o § 100 -
: : \ A
/
ol /N
\ \
' -
o1 # i & -150 \
7.0 ar ',d. . " ]
0.0 o
T T T T T T
0 100 200 300 400 500 600 T T T T T T T T T 200 T T T T T T
Time (h) 0 50 100 150 200 250 300 350 400 450 500 550 600 0 50 100 150 200 250
Time (h) Time (h)

Figure 3. (a) Growth curve of LMZ2, (b) pH curve of LMZ2, (c) CA curve of LMZ2
3. (a) LMZ2 4 ph%%, (b) LMZ2 pH Bi%%, (c) LMZ2 WRBEAETEGRYZ:

LMZ2 A RAR G S pH 224k 20 3 an & 3 fis. B 3(a)af LB H, LMZ2 7F 25%3K % R A KE L,
7E 0~20 h #Il8], LMZ2 AEK 2818, 7F 20~150 h A= KIRid, 150 h~250 h Afase i, 250 h L3R R R,
i 3(b)al &, LMZ2 7£ 0~30 h 3] pH N[, 76, 30~225 h #i8)_EF+, 7F 225~450 h #1H)°FF, 450~600
h IR R . HE 3(c)rT A, LMZ2 A BRIRET R EPE, WO = A RRER I RG . AR A pHL il 2k DL Bk B8 T il
M b, FATATLARET, BT Wbk LMZ2 AP AR g ir sy, (HJg =A%, Brbh, pH fER A K
B EFH RS, AR AR, PERIREEG I W pH vT LAA R 9 DL, MARKRE, pH &L 8 Afi.

3.4.LMZ2 BN LS RIEE

34.1. WAEGERS
FESEH 16 KJg, W7 MR RN, WK 4,

Mg/Ca=0 AJJEZL : Mg/Ca=0 550 A ks ey N [Mg/Ca=0 5250418

-

Mg/Ca=3 X [IHZH Mg/Ca=3 SLIG41A - Mg/Ca=3 S24641B

Mg/Ca=5 %I HHZH Mg/Ca=5 SETG/HLA Mg/Ca=5 SE504HB
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LA RS 2 NS T . A5 EE N 3 IF, X

Mg/Ca=7

Figure 4. Observation by polarized light microscope of minerals induced by LMZ2 under the con-
centrations of 25% NaCl Mg/Ca=0, 3, 5,7, 9)
4.LMZ2 £ 25% NaCl iR E N iFST YRR L EMEBEWNEMg/Ca=0. 3, 5. 7. 9)

H b 4 BoR, HEESHON 0 i, XHRAUE AR, DLRARZ ANTARI 4. SEI2H0 1 &

MU MR R, BL A B AR, LB o) L

TR LTI Y. LAY Y)Y, HEBONSEY, G200 WHE. BN 5
I, T R AT B, 2OV . SKIR AT MR LR, A KBTS, WA
PABARIMIZAR » BREG LDy 7 I, KRR T 2 P R e RS R MRS B, DL RSRIER 1. 8R4 O
9 i, XERATWILE S —, A&, ARRE. LRARMEMNLZ, &R TIEETY, E60E
RN DA LA LT AR B840 -
3.4.2. XRD 531f

N T 2L LMZ2 353 BB BR Eh 0 I TUE I A AN S5 K RS AL, 66 4] XRD 22T #E 25% NaCl K FZ
AR EL T8 IR 16 KRG A RIBRIR ERIIVE, 90 XRD 73 A4 R4~ K 5 Jis.

—Mg/Ca=0Experimental Group A | Calcite,syn
<
=
S
= I\
a 2 9
1 5
——Mg/Ca=0Experimental Group B ‘ Calcite,syn
<

o
—

l ——Mg/Ca=3 Experimental Group A ‘

Calcite,Mg-rich

Fuw_

—"

| ——Mg/Ca=3 Experimental Group B | 1-Calcite, Mg-rich
1 2-Karshunovskite

(104)

‘ —Mg/Ca=5 Experimental Group A
)
= Monohydrocalcite

a1

@11

Monohydrocalcite

——Mg/Ca=5 Experimental Group B

112)
222)

B ~ 3= (YE
~ 2 —
g al 7 RS 23
g o "
Calcite,syn Monohydrocalcite Monohydrocalcite
=
~ & ~
2 = g2
~ o =
K&
o 0 ~
o = =g
) i L | .
1 1 1 1 1 1
30 Theta (degree) 60 90 30 2Theta (degree) 60 90 30 2Theta (degree) 60 920
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Mg/Ca=9 Experimental group A

ul

—M

——Mg/Ca=7 Experimental group A

Monohydrocalcite|

/Ca=9 Experimental group B

3

(111)

(222)

bl

——Mg/Ca=7 Control group Monohydrocalcite

(112)

‘« “\ !

I LT P
30 2Theta (degree) 60 90 30 2Theta (degree) go 90

Figure 5. XRD analysis of mineral induced by LMZ2 under the concentrations of 25% NaCl (Mg/Ca=0, 3, 5, 7, 9)
5. LMZ2 7£ 25% NaCl iR [E NiESH #8 XRD 2 i(Mg/Ca=0. 3. 5. 7. 9)

MIE S aTLAE H, SHRARI SRR A B ol 0 B, TS I N T A s BERSELAE 3 I, X
R AH N BOK T AT, SRBG 4 A A B BT AT, SEEG 4 B A2 & 857 i 43 Al Karshunovskite (Mg,C1(OH);-4H,0,
VoK G =R R A4 EE); BREG LR 5 I, SCIGAT RIS REAL R 2 Bk 5 il A s BRES ELIE 7 i, XTHR4LZ K
TifdA s SRIRZ A SRFUKTTRA, SCIRA B & FUK T A AR ES B A (huntite); BEES LLAE 9 B, SRER
ZH RN R ZH 2 B K T A

TR L0 0, 5, 9 BREIZE SR, X RIFPE9(104) BRI 104 58 (FWMH) i T R 40 L,

R TNE 6 .

025 0.40
@ Mg/Ca=0 ®)

Mg/Ca=5 0ss] © Mg/Ca=9
(112) a1

FWMH

Contrul Group Experimental Group A Experimental GroupB Contrul Group  Experimental Group A~ Experimental GroupB Contrul Group Experimental Group A Experimental GroupB

Figure 6. (a) FWMH (104) of caltite induced by LMZ2 in the concentrations of 25% NaCl (Mg/Ca = 0), (b) FWMH (112) of
Monohydrocalcite induced by LMZ2 in the concentrations of 25% NaCl (Mg/Ca =5, 9)

6. (a) LMZ2 7£ 25% NaCl ;R E TiFS A B ARSI IETE(104) (Mg/Ca = 0), (b) LMZ2 7£ 25% NaCl iRE NiHESH
Bk mEAREEIETE(112) Mg/Ca=35, 9)

X EE L 6(a)H 77 fif A (104) d 28 AT S U8 7R 2F 08 B8 (FWHM), AT AT RAEH, Ho Mg/Ca=0 i, 52
x40 55 0 HEZELATT S U 1 < U B AH 22 00, T IR ' 2 B WL B A 0t R B AR,
PR LMZ2 75 LR L N3 S I R /N

XTEG I 6(b)FIE] 6(c)HR B K T fEAT (112) &0 24 AT S I (1) 106 58 (FWHM), Mg/Ca = 5, 9 B, HFH

BRI 0 B0 3 g A (11.2) it 7R PR S e £ =4 0 58 #/ T 5x BE AL (9 (112) W FREAIT SR U PR~ W 5, SR T 22 TR PR

DOI: 10.12677/amb.2021.101008 71 A HTI


https://doi.org/10.12677/amb.2021.101008

ERE 5F

LMZ2 s S H I P dchi /N, 25 SR A, AR B T SRR .

(IR, oF L P 6(c) R K 7 AT (112) 5 TR PRIT SR UG P~ 068 55 (FWHIM), Mg/Ca = 9 I SEIG £ 5 0 HE 441
IFTETIE I SE A 25140 K, IS Mg/Ca =5 BF AL, Mg/Ca=9 B 7E LMZ2 i 5 T XK 7 i A
Y R T2 Sy N

4. &g

AT LA I TGV W TN B, SR v BRI R SR B S IR U 1%, O Y — Rk
5E o JEMIARRIEAE 25% 3 5 T304, I8 iRt &R A XRD 4120 2 #r 10
[F)BEA LE R X5 R IR Sk P M

1) XERAH LMZ2 BWRREEAT TR G 0 TR AR BAACRAIE S, 49RRY], LMZ2 Rtk —
il £ 8 10 K L B 8 B AT 1A

2) A LLEFIEEEFTE LMZ2 75 25%H KBRS R BEE5 L 75 SR ER0 R, BEE5 Ly 0 I R
AT, SAGELAE 3. 5. 7 WL S HA G NRKIT A & BT A BRI S B 45 5 BB IR #h
Y, BRASLE O WONHKIT A BEE T HEAT WSS, Bl TS T, A B RS BRI IR ER
.

3) AT TR WA i v L TR A v SR IR R R B R B A (et 1 SRR IR SR AT I AR E BRI
R VIRIE R, BRES LIRS, AR ZR S RN R, SR AR IR M RS 4 REBRAS L
BT, SEIANR AT YIRS DT A B R BN IA R LLEGE I, SRIG A A IR T
iR ERBYR . HARETAAENEILT, BRSSO PSRN SE LT, vE R TR B AL
R

e HE

E X | AR £ S 0 H (42072136, 41772095), 1174 HAREE ST H (ZR2019MD027), 1A% H K
BHZAHT TAEIUH (2019JZZY020808), 5L 1447 ot 1B 5K B R S50 =5 il 4 1 H (SKL-BASS1722).

SEEk

[1] EIEMK. Mg EE B TR, MUY EER, 2016, 43(5): 1113-1122.

[2] GkIEA, BEFW, XES. W H EEBRE R A & R R A S ThEe ). AEYIAER, 2020, 60(6):
1074-1089

[3] Han, Z., Yu, W., Zhao, H., et al. (2018) The Significant Roles of Mg/Ca Ratio, CI" and SO427 in Carbonate Mineral
Precipitation by the Halophile Staphylococcus epidermis Y2. Minerals, 8, 594. https://doi.org/10.3390/min8120594

[4] Harder, E.C. (1919) Iron-Depositing Bacteria and Their Geologic Relations. Gov’t Print, U.S., 45-48.
https://doi.org/10.3133/pp113

[5] LMy, RN, BREF, 5. BN FOBRER ShA i Sk R D). AR @R, 2013, 40(1): 180-189.
[6] Spadafora, A., Perri, E., Mckenzie, J.A. and Vasconcelos, C. (2010) Microbial Biomineralization Processes Forming
Modern Ca:Mg Carbonate Stromatolites. Sedimentology, 57, 27-40. https://doi.org/10.1111/1.1365-3091.2009.01083.x

[7] Chen, J.T., Van Loon, A., Han, Z.Z. and Chough, S.K. (2009) Funnel-Shaped, Breccia-Filled Clastic Dykes in the Late
Cambrian Chaomidian Formation (Shandong Province, China). Sedimentary Geology, 221, 1-6.
https://doi.org/10.1016/j.sedge0.2009.09.006

[8] Yang, R.C., Fan, A.P., Han, Z.Z., Chi, N.J. and Han, Y. (2013) Characteristics and Genesis of Microbial Lumps in the
Maozhuang Stage (Cambrian Series 2), Shandong Province, China. Science China Earth Sciences, 56, 494-503.
https://doi.org/10.1007/s11430-012-4539-4

[9] Han, Z.Z., Meng, R.R., Yan, H.X., Zhao, H., Han, M., Zhao, Y.Y., Sun, B., Sun, Y.B., Wang, J. and Zhuang, D.X.
(2016) Calcium Carbonate Precipitation by Synechocystis sp. PCC6803 at Different Mg/Ca Molar Ratios under the

urty

i, W HET S

WA EBE. A

ik

DOI: 10.12677/amb.2021.101008 72 A HTI


https://doi.org/10.12677/amb.2021.101008
https://doi.org/10.3390/min8120594
https://doi.org/10.3133/pp113
https://doi.org/10.1111/j.1365-3091.2009.01083.x
https://doi.org/10.1016/j.sedgeo.2009.09.006
https://doi.org/10.1007/s11430-012-4539-4

ERE 5F

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Laboratory Condition. Carbonates and Evaporites, 32, 561-575. https://doi.org/10.1007/s13146-016-0322-5

Chen, J.T., Chough, S.K., Han, Z.Z. and Lee, J.-H. (2011) An Extensive Erosion Surface of a Strongly Deformed Li-
mestone Bed in the Gushan and Chaomidian Formations (Late Middle Cambrian to Furongian), Shandong Province,
China: Sequence-Stratigraphic Implications. Sedimentary Geology, 233, 129-149.
https://doi.org/10.1016/j.sedge0.2010.11.002

Lee, J.-H., Chen, J.T. and Chough, S.K. (2010) Paleoenvironmental Implications of an Extensive Maceriate Microbia-
lite Bed in the Furongian Chaomidian Formation, Shandong Province, China. Palaeogeography, Palaeoclimatology,
Palaeoecology, 297, 621-632. https://doi.org/10.1016/j.palae0.2010.09.012

Douglas, S. and Yang, H.X. (2002) Mineral Biosignatures in Evaporites: Presence of Rosickyite in an Endoevaporitic
Microbial Community from Death Valley, California. Geology, 30, 1075-1078.
https://doi.org/10.1130/0091-7613(2002)030<1075:MBIEPO>2.0.CO;2

Chen, J., Chough, S.K., Lee, J.-H. and Han, Z.Z. (2012) Sequence-Stratigraphic Comparison of the Upper Cambrian
Series 3 to Furongian Succession between the Shandong Region, China and the Taebaek Area, Korea: High Variability
of Bounding Surfaces in an Epeiric Platform. Geosciences Journal, 16, 357-379.
https://doi.org/10.1007/s12303-012-0040-5

Han, Z.Z., Zhang, X.L., Chi, N.J., Han, M., et al. (2015) Cambrian Oncoids and Other Microbial-Related Grains on the
North China Platform. Carbonates and Evaporites, 30, 373-386. https://doi.org/10.1007/s13146-014-0209-2

Zhang, X.G., Lin, C.Y., Zahid, M.A., Jia, X.P. and Zhang, T. (2017) Paleosalinity and Water Body Type of Eocene
Pinghu Formation, Xihu Depression, East China Sea Basin. Journal of Petroleum Science and Engineering, 158, 469-478.
https://doi.org/10.1016/j.petrol.2017.08.074

Han, Z.Z., Yan, H.X., Zhou, S.X., Zhao, H., Zhang, Y., Zhang, N.N., Yao, C.K., Zhao, L. and Han, C.Y. (2013) Preci-
pitation of Calcite Induced by Synechocystis sp. PCC6803. World Journal of Microbiology and Biotechnology, 29,
1801-1811. https://doi.org/10.1007/s11274-013-1341-1

Han, Z.Z., Yan, H.X., Zhao, H., Zhou, S.X., Han, M. and Meng, X.Q. (2014) Bio-precipitation of Calcite with Prefe-
rential Orientation Induced by Synechocystis sp. PCC6803. Geomicrobiology Journal, 31, 884-899.
https://doi.org/10.1080/01490451.2014.907379

Yan, H.X., Han, Z.Z., Zhao, H., Zhou, S.X., Chi, N.J., Han, M. and Kou, X.Y. (2014) Characterization of Calcium
Deposition Induced by Synechocystis sp. PCC6803 in BG11 Culture Medium. Chinese Journal of Oceanology and
Limnology, 32, 503-510. https://doi.org/10.1007/s00343-014-3150-2

Sobolev, N.V., Schertl, H.P., Neuser, R.D., et al. (2017) Formation and Evolution of Hypabyssal Kimberlites from the
Siberian Craton: Part 1—New Insights from Cathodoluminescence of the Carbonates. Journal of Asian Earth Sciences,
145, 670-678. https://doi.org/10.1016/j.jseaes.2017.06.009

Han, Z.Z., Li, D., Zhao, H., Yan, H.X. and Li, P.Y. (2017) Biomineralization of Carbonate Minerals Induced by the
Halophilic Chromohalobacter israelensis under High Salt Concentrations: Implications for Natural Environments.
Minerals, 2017, 2017030043. https://doi.org/10.20944/preprints201703.0043.v2

Sherman, G.D., Kanehiro, Y. and Fujimoto, C.K. (1947) Dolomitization in Semi-Arid Hawaiian Soils. Pacific Science,
38-44.

Peterson, M.N.A., Bien, G.S. and Berner, R.A. (1963) Radiocarbon Studies of Recent Dolomite from Deep Spring
Lake, California. Journal of Geophysical Research, 68, 6493-6505. https://doi.org/10.1029/J70681024p06493

Mckenzie, J.A. (1981) Holocene Dolomitization of Calcium Carbonate Sediments from the Coastal Sabkhas of Abu
Dhabi, UAE: A Stable Isotope Study. The Journal of Geology, 89, 185-198. https://doi.org/10.1086/628579

Han, Z., Wang, J., Zhao, H., et al. (2019) Mechanism of Biomineralization Induced by Bacillus subtilis J2 and Charac-
teristics of the Biominerals. Minerals, 9, 218. https://doi.org/10.3390/min9040218

Zhuang, D., Yan, H., Tucker, M.E., ef al. (2018) Calcite Precipitation Induced by Bacillus cereus MRR2 Cultured at
Different Ca>* Concentrations: Further Insights into Biotic and Abiotic Calcite. Chemical Geology, 500, 64-87.
https://doi.org/10.1016/j.chemgeo.2018.09.018

DOI: 10.12677/amb.2021.101008 73 A HTI


https://doi.org/10.12677/amb.2021.101008
https://doi.org/10.1007/s13146-016-0322-5
https://doi.org/10.1016/j.sedgeo.2010.11.002
https://doi.org/10.1016/j.palaeo.2010.09.012
https://doi.org/10.1130/0091-7613(2002)030%3C1075:MBIEPO%3E2.0.CO;2
https://doi.org/10.1007/s12303-012-0040-5
https://doi.org/10.1007/s13146-014-0209-2
https://doi.org/10.1016/j.petrol.2017.08.074
https://doi.org/10.1007/s11274-013-1341-1
https://doi.org/10.1080/01490451.2014.907379
https://doi.org/10.1007/s00343-014-3150-2
https://doi.org/10.1016/j.jseaes.2017.06.009
https://doi.org/10.20944/preprints201703.0043.v2
https://doi.org/10.1029/JZ068i024p06493
https://doi.org/10.1086/628579
https://doi.org/10.3390/min9040218
https://doi.org/10.1016/j.chemgeo.2018.09.018

	极端嗜盐菌筛选鉴定及诱导碳酸盐矿化研究
	摘  要
	关键词
	Study on Isolation and Identification of an Extreme Halophilic Bacterium and Its Induction of Carbonates Mineralization
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 材料和试剂
	2.1.1. 样品的定点采集
	2.1.2. 培养基
	2.1.3. 实验试剂
	2.1.4. 试验设备仪器

	2.2. 试验方法
	2.2.1. 菌种的富集和纯化
	2.2.2. 细菌16SrDNA的鉴定
	2.2.3. LMZ2菌株的形态学及生理生化鉴定

	2.3. 碳酸盐矿物功能初步探究
	2.3.1. 诱导矿化培养基
	2.3.2. 微生物诱导矿化培养
	2.3.3. 偏光显微镜的观察
	2.3.4. XRD分析

	2.4. LMZ2生长曲线，pH曲线及碳酸酐酶曲线的测定
	2.4.1. 生长曲线的测定
	2.4.2. pH变化曲线
	2.4.3. 碳酸酐酶曲线


	3. 结果与分析
	3.1. LMZ2菌株的16SrDNA序列分析及其分类学地位
	3.2. LMZ2菌株的生理生化鉴定结果分析
	3.3. LMZ2生长曲线、pH曲线和碳酸酐酶曲线测定
	3.4. LMZ2诱导矿化结果验证
	3.4.1. 偏光结果分析
	3.4.2. XRD分析


	4. 结论
	基金项目
	参考文献

