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Abstract: Salt tolerance enzymes are active and stable at high salt concentrations and widely applied in
high salt food processing, seafood processing, washing and other biotechnology fields with high salt
concentrations. Salt tolerance genes can maintain normal function of microorganisms under high salt
conditions. Therefore, obtaining and exploration of salt tolerance genes and salt tolerance enzymes in
different environments have profound significance for revealing the salt tolerance mechanism of
microorganisms and directing its application in the high salinity environment. The metagenomic
technology skips the pure culture to explore the diversity and function of microorganisms and provide a
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new technology for discovering novel genes, developing new microbial active substances and studying
microbial community structure and function. Combined with our own findings, this paper summarizes
the strategies of using metagenomic technology to acquire salt tolerance enzymes and salt tolerance
genes, and emphatically introduces the study of obtaining salt tolerance enzymes and salt tolerance
genes from ocean, soil and gastrointestinal tract environment with metagenomics.
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Table 1 Classification of salt tolerance enzymes from microorganisms

[REANZHES
Type of salt tolerance enzymes

Akt F RS Oxidordeuctase
AL B Transferase

JKf# DS Hydrolase

24 Lyase

[EN 22N
Name of salt tolerance enzymes
Mercuric reductase, Nitrate reductase, Polyphenoloxidase, Glucose oxidase, Alanine
dehydrogenase, Aldo/Keto reductases, Azoreductase, Terminal oxygen reductases
Transglutaminase, Glycosyl transeferase, DNA polymerase, Transketolase, Serine

hydroxymethyltransferase, Methyl chloride transferase

Esterase, Glutaminase, Cellulase, Xylosidase, Xylanase, Pectinase, Tannase, Lipase, Protease,
a-Amylase, Laccase, Exonuclease, Phytase, Inulinase, [p-Galactose, Chitobiosidase,
B-N-Acetylglucosaminidase

Pectate lyases, Polysaccharide lyase, Alginate lyase, Oligoalginate lyases

£2 WEMRTEAEXEEY
Table 2 Salt tolerance genes associated with microorganisms®
it R R R Rt ik 5k [R] 44 R
Type of salt tolerance genes Name of salt tolerance genes
Na" i i AHSC L nhaH gene

Na" antiporter biosynthesis genes
LA /NG A B A D L ]

Compatible solutes biosynthesis genes

M/ T AR B 12 ARG IE ]

Compatible solutes transport genes

Ectoine and hydroxyectine biosynthesis gene cluster: ectABCD; Glycine betaine biosynthesis
genes: gbsT, gbsl, gbsA, and gbsB; Trehalose biosynthesis genes: ostA, otsB, and treS; Glutamate
and glutamine biosynthesis genes: gdh and gs; Proline biosynthesis genes: proA, proB, and proC
K™ transport system: Trk system and Kdp system; Proline and betaine transport system: ProP
system and ProU system; Betaine transport genes: betM and betH
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Table 3 Identifying salt tolerance enzymes from the metagenome of sea
) ‘% S (2 = I
peai OEPROTER T e B Tt 2530k
creening metho .

Sample (screening factor) Library type Enzyme Salt tolerance References
South China Functional screening ~ Fosmid Esterase Remaining stable in 4.5 mol/L NaCl [4]
Sea (tributyrin) library . o

Esterase Remain 110% activity in 3.5 mol/L NaCl [27]
BAC library  Esterase Endure 200 mmol/L NaCl [28]
Functional screening  BAC library  B-Glucosidase Lost its activity to 86% in the presence of 500 mmol/L [29]
(esuculin hydrate, NaCl
ammonium ferric)
Sequence screening - Esterase The activity increased to 190% in the presence of 4 mol/L [30]
NaCl
East Pacific Metagenomic - Esterase Stable in 3 mol/L NaCl for 6 h [31]
sequencing
Aurctic Functional screening  Fosmid Esterase The highest activity value 675.0% + 0.021% being [32]
marine (tributyrin) library obtained in 3 mol/L NaCl
Pacific Functional screening  Fosmid Esterase Have the highest activity in 3 mol/L NaCl [33]
Ocean (tributyrin) library
Red Sea 454 pyrosequencing  — Reductase Its enzymatic activity increases with the increasing NaCl [25]
concentration, displaying maximum activity at 4 mol/L
NaCl
Arabian Sea Functional screening  pUC19 library a-Amylase More than 51% activity in 2.5 mol/L NaCl [34]

(X-Gal)

TE: - Bk Ba R .

Note: —: None or not mentioned in the literature.
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Table 4 Identifying salt tolerance enzymes from the metagenome of soil
e 5 vk
P A T) SRR i3 it £ B30k
Sample Screening method  Library type Enzyme Salt tolerance References
(screening factor)
Bog soil Sequence screening Fosmid library Laccase 85%—95% activity was preserved in the presence [3]
of 100 mmol/L NaCl
Cotton field soil ~ Functional puUC118 Tannase Stable in the presence of 4 mol/L NaCl [9]
screening library
(X-caprylate)
Soil PCR amplification - Alkaline protease Retaining around 50% activity after incubation [22]
3hin1, 2, 3mol/L NaCl
Functional Fosmid library B-glucosidase NaCl has very strong stimulating effect on the [35-36]
screening enzyme when its concentration is below
(esculin hydrate) 200 mmol/L
Functional pBC library ~ Exonuclease Have endonuclease activity in the presence of [37]
screening 1 mol/L KCI
(H202)
Functional Fosmid library Lipase Stable up to 3.7 mol/L NaCl [38]
screening
(tributyrin)
Functional Cosmid library Endoglucanase Retaining 86%-87% activity after incubation [39]
screening with 3 mol/L NaCl or 4 mol/L KCI for 20 h
(CMC)
Permafrost Functional Fosmid library Esterase Activity is stimulated in the presence of [40]
screening 0.25-1.50 mol/L NaCl
(tributyrin)
Tibetan glacier Functional Fosmid library Esterase Remain 60% activity in 2.5 mol/L NaCl [41]
soil screening
(tributyrin)
Chitin-amended  Repeated PCR Fosmid library Chitobiosidase Activity increased in the presence of NaCl, up to  [42]
agricultural soil  cycles 2 mol/L final concentration
Mangrove soil Functional puUC118 Esterase Remain 80% activity after 1 h in 4 mol/L NaCl [43]
screening library
(tributyrin)
Functional Fosmid library Endoglucanase Its activity was enhanced in 0.5 mol/L NaCl [44]
screening (CMC) by >1.6 fold and stable up to 1.5 mol/L NaCl
Red soil Functional BAC library  Endo-B-1,4-glucanase Retaining more than 70% activity of the control [45]
screening (CMC) after 10 d of pre-incubation with 4 mol/L NaCl
Chandigarh soil ~ Functional pEZSeq library Cellulase There was about 24%, 28% and 13% [46]
screening enhancement in the catalytic activity of Cel5R in
(CMC) the presence of 1, 2 and 3 mol/L NaCl
respectively
Wheat field soil ~ Functional puUC118 Esterase Retaining more than 50% of its activity after 96 [47]
screening library or 120 h incubation in the presence of 3 mol/L
(tributyrin) KCI or 5 mol/L NaCl

TE: - Bk Ba R .

Note: —: None or not mentioned in the literature.
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Table 5 Identifying salt tolerance genes from the metagenome of soil

T vk
B () B S #H JE S 30k
Sample Screening method Library type Protein Genes References
(screening factor)
Saline soil Functional screening  pUC19 library  ABC transporter ATP-binding protein BCAA_ABCTP [48]
(5.8% NacCl) Glucose/sorbosone dehydrogenase
Serine/threonine protein kinase GSDH
Protein of unknown function duf3445
STKc_PknB
DUF3445
Soil Functional screening ~ Fosmid library ~ Pyrophosphate - [49]
(7.5% NacCl) Transferase
Calmodulin
Ubiquitin-linked enzymes
Lipid transfer proteins
- B A R K
Note: —: None or not mentioned in the literature.
#6 FIAEEEAYMNEBERRESHT LR
Table 6 Identifying salt tolerance genes from the metagenome of gastrointestinal tract
Ffd i 5 vk (T e X 1) P =S HH E SIS BTN
Sample Screening method (screening factor)  Library type Protein Genes References
Human faeces Functional screening (6.5% NaCl)  Fosmid library UDP-N-acetylglucosamine murB [53]
Enolpyruvyl reductase
UDP glucose 4-epimerase galE
NTPase mazG
StlA protein stlA [54]
o54-Dependent transcriptional regulator
sdtR [55]
B-Carotene 15,15'-monooxygenase brpA [56]

Functional screening (4.3% NaCl)  pCC16 library Putative uncharacterized protein TLSRP1 [57]
Putative ABC transporter permease ABCTPP
protein

= TMSRP1

- JRECCHH A R K.

Note: —: None or not mentioned in the literature.
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TEBL T AETE KA s stIA & T A it
AN, fent LGT (Lateral gene transfer)Zf{4-3k15
LRI AL, DT AE R #h PR b o 4 e S A 35
sdtR ki T Bacteroides, i g (%4 s 5 A
¥ B brpA JB T B-SAE DRSNS brp/blh K
W, tIEETE . 2018 4F, Verma ZEPT A
FEfE N S e RS T £ FoRE SR6 il SR7,
VRS AT & B TMSRP1, ABCTPP. TLSRP1 &3
DR 5 HER SR A G o R TR A SC L PR R il IS 1 5
E, WS E A AP ISR S5 T S

A, BIF5E DA 8 A ) o R TR 4
AT T — LT ER AR IR (R 7). flan, ¥l
(5813 3o o)y R 075 5 AN 11 98 5 (2B 0 SO P 35
YIRS RE CelA, IZMETE 1-4 mol/L NaCl &1+
TR 12 h, {BATRE 70%093E M. Ilmberger 5%
ARG 23 ) Fosmid SCE R e 31 GH5 S
LT 4EZ i CelA84, ZMFTE 4 mol/L NaCl HiiE e
34 d 11545 50%FRI AR X IE 1

A S 5 A i 8 T ) s R 4 2
T M BEERE R SR K T K, il 3 22 3L 4 Shotgun
W B A W4 B2 e A A A B ik R K 2K 80
V) ——E & 22 ) B B i U A TP RS T 24
it Eh g . X T IR R T E A R, K
RWHEGF XynRBM 7£ 1.0-3.5 mol/L NaCl &4+ T B A
B p ke e, gL LB S galRBM1 1E
0-15% NaCl 44 T i3z 12 h 475 484%F 80% LA L HAH
XTI U 33 e il HAT B A A TR R R L

®7 FREEFEREFNEFEHIRGHTEEA

R, (R i R A i S LA 1 T T
34 REFMAFATHELEEMARELRMER
EEHHAR

7 - I GTRR YD FA Ry RO A ) 2 A1
R BTG BT A B8 . Jeon IS0k YT AR
A - T E AL Al A E % BRI 2H Fosmid 3¢
2, DAH-IR A i 2 R A Hh B e 4R A 3R 1V
KT L [H] (estKT4 | estKT7. estkKT9), SEIfFE
R aifl Nl v Bt R K WY, 3 /TR AR BE AE
3 mol/L KCI 8, NaCl H {4 50%LL FAYTETE .

W IE K BCHIK UAE IR T 22 2 th T2k
R R 5 Y Eh VAR BE A AN BT el 2, AL It I 7K B
WK AR RS FR AR Y AT REHA 5 33 N 3k i e A o
(R K LR, Kapardar Z5B5@ 1% 750 mmol/L
NaCl Mty 7 3k R4 SO e 2 A5 &L
PEASEHIE T GspM HI EchM, GspM 5% 1181
2L, EchM A Enoyl-CoA /K&THHEN:, JREeiisT
& Bl ClpS (ATP-dependent Clp protease adaptor
protein)tt, it Eh AR E ), Martinez- Martinez 451%°!
AT K TTORR ) 2 o PR 2H SR AR 7 A ol B 7K S
RGN, Ho LAEL, LAE2, LAE4, LAE5,
LAE6. LAE7 ¥4l 0.1-1.2 mol/L NaCl 7, &
fin1.5-2.2 4%,

T % Gt e e 1 v A 7 D SR AR, XU
T, GG S SRR 8 AU K it S5t 5 H A R Y
WEEY RIS R REY), REECE T & Y
BRI, B AR G R R AR R B A

Table 7 Identifying salt tolerance enzymes from the metagenome of gastrointestinal tract

FEdh i 1675 4% (VB IR 1) SCFRAL fity [[EEANé5 275 3k
Sample Screening method (screening factor)  Library type Enzyme Salt tolerance References
Goat rumen Functional screening Fosmid library Endoglucanase Retaining 70% activity after [58]
microbiome (CMC) incubation with 1-4 mol/L NaCl

Elephant faeces Functional screening
(CMC)
Yunnan snub-nosed Shotgun sequencing

monkey faeces

Fosmid library Cellulases

Fosmid library Xylanase

for12h
Retaining 50% relative activity [59]
after 34 d in 4 mol/L NaCl
Stable at 1.0-3.5 mol/L NaCl [60]
Retaining more than 80% relative
B-galactose activity after 12 h in 0-15% NaCl

[61]
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b, 1550k B dh J2 T FR B Hh B o IR G T
FISE PR WSS g B 7 o T S R A R
I 25 STy el A 95 T £ 0 6 TR TR Lk Wy o S R 4
SO, N BER AR — BT R esty15, 1%
Miff7E 10%-18% NaCl 254 n] {4 R AP b iE 2 .

A, BEFEE TR L H) TG KA BT
PAR T it R 140, lmberger ZEPVINTES L H
J 7k TR L SC T O 3k AR A £F 4 K il CelA2 Al
CelA3, Wi#7E 4 mol/L NaCl i E 34 d J5 43 HlM5
147 80%F1 50%IHAHXIH . Yang 25U i 2 KL R
A A R D BETE RS, MI5 K AL B rp 3R —
ASETLT 4E i Cel7482, %BAE 4 mol/L NaCl
11545 80%H4 I

4 BE5REE

Tt 5 g2 e fiid 46 e PR A A AR A h A Iz
FPRE L SR A R KR 98 T 5
WA FIVEE . HETEGE TR 23 A 2R
MR 3). TG4, 5), BiEGER6. 7). itk
YEO K fleg g e e O R v )P
15 7K Ak T OOVAR B0 e A5 1 T S R T
DRl o 3o S A R [R] 1 25 4 %o 48 7S B2 0 P it 68
PUHI A R Y, [FBEG KRR & i T
U A A TR N A . AR, B R
UAZERE A IR 5

(1) THERCRAL. TAER K HAERFEM . W]iE
b2 ARG SR 0 R PR e, BRI AR
SIBNREEGRT °C A BCHIBIA) 5 SOEHAGBRIR & T
37 °C b HEFE, WU R BT BT e ik
SRR, IeAh, PR EEBERS UK (DGGE) 5 Y 4 14
RS R G G ] B i 2 SR IR A v i R R R A KT
B i e Ak . kDA o B A A O 6 vkt B A A
e AR, BRI E i ik R ek 1 28 A8 1R 1 2
BIME, RIS AL 5 e e 3G R 5 e kAT o)
REHAMY AR e . 5ol 25 5L R4 DNA Fif
B3 B ) T I 8l 19 4 (8 298 6 8 11 (GFP) & A Hip
1], AR5 8 GO A 43 2 (FACS) HE AR, fE

SIS 2 KPR AT T X kB TR 4, HhaE
% i 2 XTI RS A ARG PR B e . R AT
FIER A 5| AR IR (Surface display), B
A YRR ) RE 7 B T A7 AE B R AR R R S R R
IKOFARAR, 8 11 0T SOV A 5 4 S e
A7 SN A5 B0 S5 o B A | T M O N 2R K
e

(2) TR Ty I AR . — R FH I [ 2
Jyide, B SGE a 2 i PR 4 2 AR ARAT BT 7 1 R b
B2, 38 0 6% B 1 — 25 ) il 48 7 RN R Pk
WHoE, LABfE B m st . DR, AR O 4 iE
(AT AR AL, B i SIS S R 9 2 R AL
A BT R AT T R IS B T Ak DR ) 9 4 2 H
AR T e B R (4 [

(3) TN GG A . R TR A H A
X i Al 285 R it 6 5 R A i AT R AR v
EERIAE, BRI RN R 2K
2. AT I 2R Pk BRI S BT TRk i D) K
WEZFAEE, X T — SR Y R ER L
il KA e i 5k S 1 1o P oo HA S
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