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Salt-tolerant microorganisms in biohydrometallurgy: a review
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Abstract: Salt-tolerant bioleaching microorganism is a kind of microorganism that could survive in the
salt-containing environments during bioleaching process. It is found that these species show great
application potential in biometallurgy when freshwater resources are scarce. This paper systematically
reviews current knowledge and understanding of taxonomic diversity, the salt-adapted mechanisms and the
application status of salt-tolerant microorganisms, aiming to provide more information for the research and
application of salt-tolerant microorganisms.
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SO M. MIHAR R I 7, AR AT LA i
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MBIz — o SR, Uil IRK BT
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AERAANTINR T XS SR A IO, 2 5 ol
ALY 2E . HEE L IHERBLE] . mERA PR
AEFRANA: PR A S, DR R R
FELERE Oy RS T F R ) AR S
R T R R AR | R ML R
FBIHERE, iR HEE W RIR AR SRR,
i) 2 e R M KR T BT IR G T e R R R
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1 R 1 PP 2 R LI
1.1 WEERTHMEMEX ML

R Ff Bl A 40 o 8 10 5 AT 43 S T R i A 9 A
WEERHE D, SR M R R R RS R
(EF 0.2-0.5 mol/L #h R ILh A K Ahy) . W
REERUEYI(TER 0.5-2.5 mol/L stk K
U, BETEMRT 0.1 mol/L hrh A= K AywiN Jy et
WEER IR D) . RS R S M (FE B R 1.5 mol/L LA
BRI A K )P SR ER M PR T
WEERTAE Y, FETCERAAE P T LUE AR K, R0
VR BE S TR AT A K . IR K et TR
K EREE R e B A BT B T T 2 R

i 2R A W A8 e R VL iR i DB
BEX T A ) 55 $h AR B — 2 T 32 BE 1 1 — 2K
WA . AR & P — e A R I R A i
Eh/MEER B, N Kamimura 55 IEE HH 45 1 VG 1R
Hi¥E Acidithiobacillus thiooxidans SH, FEE—FH
FEfY) NaCl A BETE 7 £ K20, Huber %5 B KA

— K LB 3 1 B B 4R IR H D RE Y T R TR
Thiobacillus prosperus , T HJG K & IHIVF 2 HA N
[) G5 - T 52 e ) 2SR Y R R AR UH B T 9
FEY L BR L Z AN, W LR R E B
Acidithiobacillus

ferrooxidans .  Acidimicrobium

ferrooxidans . Sulfobacillus thermosulfidooxidans I
Leptospirillum ferriphilum %%} Eh A AN R T 52 68
J1, ZA4F 0.02-1.5 mol/L, FfHAEARGEHREH
SRR P th A d R[N 2, He R Ay 28
A LR TR Eh =07 1A W 40 B S AR TR iR A
W (Acidimicrobium ferrooxidans ,
i A T R R B R W
(Acidithiobacillus thiooxidans) VR E AL £ =24
WHEYI(Acidithiobacillus ferrooxidans, Sulfobacillus
thermosulfidooxidans) .
1.2 T ERA S Y AT T 247l
121 ZERTHH

B LIS N ER LRI AT HLE S LT
Hrp Ny EALHI (R KCLALHL, B DR TilEE
BU. SEYRE AN R SR KCL, BL KA
CIAE B B RIARYEFIE 3 o R B i £5. 5L

Leptospirillum
ferriphilum)

E1 AENFIEKCHE)REE
Figure 1 Schematic diagram of internal salt mechanism
(KCI mechanism)

e A RBHEMT, TR A GOR A AR R HER I E
FIFRAsYE; B: @AM R, Khfifdar, MU mmHk
JFJ1.

Note: A: Under the condition of hypoosmosis, the protein is
denatured due to the repulsive force generated by the negative
charge on the enzyme surface; B: Under hypertonic condition, K"
neutralizes the negative charge and reduces the repulsive force on
the enzyme surface.
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AR AL . R EEALTIET T2 0E T 1Y)
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k. AN CI X} At. ferrooxidans 1 At. thiooxidans 1
PIFLEDE T ClUaE g R R m A, (il
PERLAL(AP)THT, RS FHE AT, S8 pH
FaZSIIR, HETds i, 1Bz — MR
BF, T2 PR (B DR AEIE B FLSE AT pHL A6 fR
FePAr, an iR BH & 50 PH & - 19 sl i A B
H, BT ASE LAY,

73— 7 T AT HLB B AL (B FR 3 N BT L
i, B 2). MY Lads B B4 ek 4niEsh
W SCRRR SR 2 RIS o (FE AR B pHL 45 F T AN i
faf o = BE RIS /N AL, XS BN S M 4
MIRIETEAS, 25t Fnshae, RERESE S MPKIEEE,
AN A M A ARG ISE Fe , LABK 140
K, UEREE IS R I, TR e YA
B, AR BESEET, SRAE R B AMEE T
HNFEEB T R AR 2B NSNS E AN YA,
TE—ERLRE FORR T msh IRt A p e e, i
Hh, XN T AR T 20 A PN RE 6% 4 T
G RCRIREAR, A TR RUE Y s s Eh A N Y
BBEIER, 0 A ferrooxidans 1 At. thiooxidans fifi
FE A 8 SR o 8 B I onlP7, B TR
Mz BHES 42, X SEAHZE I s AT BR7E SR 3R

E2 AHZENHREE

Figure 2 Schematic diagram of organ osmosis mechanism
TE: A: TR BN AR ST T TE R I8 T PR vh 254 1
BIWIR; B A SR Ao R A R R 7R 5 18 TR T s I
B IELE.

Note: A: In the absence of affine solute, the structure of protein
was destroyed in the high osmotic pressure environment; B:
Compatibility solute as a stabilizer to stabilize the protein structure
of halophiles when osmotic pressure is increased.

BT R R R g A v O T R AR Y,
Acidimicrobium ferrooxidans BACEE 2R K
KW, EAEETAAERNET , BRI s
WL, A N, SR TS R R
TR FNER N BT S L5 i R )
1.2.2 Na'$iiHi#lH

M Eh A P RETE R ER 3R N A A7, BN THARE
% Je I HEH Na SIZERR P IE B Na ViR B 1M 3kE
Hour A EEAN Na b 2%, B, 1@
ik A Py h ARG AEAE W RR Na™ Sk R4, R4
PANE RN (A 3).

WIFANFAFEUZE: (1) BORME, MRl
i F F2 E AH A0 B8 4R S5 07 B 1) i 9 i o e 8
(2) WILFRERE AR, Al FRE DAY LY &0 F 4t
WERS AL B R M, IR AR P IC A0 2 i
(3) ATP fify, HSANMIBARE, HFE ATP BKfiHs
PR T NANE N AL B 44t s (4) NADH 2 i
A 5, I R 22 B TR W W e b 78— 2 U
g3, TERPIE AR b R T

3 AEPEISVEMRINREINRIAIT NaTBIREY
HETERE

Figure 3 Schematic diagram of Na' cycle in bacteria
through primary and secondary sodium pumps

W 1 Na /HMFZEEA; 2. PUREE; 3. WPUES; 4. H
FEDUA T ERIERS R ; 5. VA ATP ;s 6. FIFO ATP 4 if;
7: WIELIkIZE); 8. BIIR.

Note: 1: Na'/H' reverse transporter; 2: Decarboxylase; 3:
Respiratory enzyme; 4: Methyotrexate coenzyme; 5: V-ATP

enzyme, 6: FIFO ATP synthetase; 7: The movement of the
flagellum motor; 8: The solute absorption.
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AN H RN Na /H iz E, e 1A
BN i RE, | T EY)
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TEERAR A TR M0 S8 T 52 B TR X3
JoE R AR [ T AT 22 S0 g e, e
ferrooxidans XA B T I E TN ZHE R 4.2 g/L,
S. thermosulfidooxidans Wtz =i 2 W E R 12 g/L,
L. ferriphilum W5 32 M B 12.3 o/LPY, fuk
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SR A A S S

B TSI KB A K AR T 2204
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I G A3 A it /g ER AR W A e A2 B

B S. thermosulfidooxidans %} NaCl HYili 32 & S5 K
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B 52 M
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R AE AU A 2L K R AN Fe® R AL RE J1 1 T %
It 50%*, T ELXT Ar. ferrooxidans (8 E AL BE
e e AL RE 1 B [WIRE, Gahan Z5fY
W RN, WA SACIAETERT L. ferriphilum %} Fe**
AL R BRI A5 0.4 g/(L-h); 47 3-9 g/L B
J&, ZEX Fe’ EALERIE 0.28-0.15 g/(L-h)Z
] s 11 g/L &, HAEfbdR st — R E
0.014 g/(L-h); FIHEALARERIE LB, 17 L.
Serriphilum (353 R, 4 NaCl 1 &5 2-3 g/L
i, WS Fe” YA A HFOR Y 93% FREE]
23%24%" FRATTIRANL 22 il MACE AR X 43 5
B3] —kRMtE F bR TPY, ZR%EY Sulfobacillus
acidophilus ) 16S rRNA AU ] 99%, 1%
WHETE 20 g/L 1 NaCl T 4ERpR 4T roek/mni 8 (b
HEEL S HA R 4R IR AR, BREh
F P43 52 2% 0 H 5 5 e 5 VAR I8 3 v Tl
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5B H Y RE R I AR At. thiooxidans SH 755 —E k&
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SRR R, 5%H) NaCl (50 g/LydeRE 4 {FHI L
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