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Halophilic and halotolerant bacterial resources and their
response to NaCl stress in Emerald Lake of Mangya

LUO Tangliang', ZHAO Yafang', LIU Huimei', MA Huiyan?, XIA Zhanfeng'", AI Ruixi'

1 College of Life Science and Technology, Tarim University, Alar, Xinjiang, China
2 Zoucheng Inspection and Testing Center, Jining, Shandong, China

Abstract: The high salt concentration of Emerald Lake in Mangya, Qinghai Province, makes it an
ideal environment for mining halophilic (halotolerant) microorganisms. [Objective] To mine the
halophilic (halotolerant) microbial resources in the Emerald Lake, compare the morphological
characteristics of halophilic (halotolerant) bacteria exposed to different concentrations of NaCl, and
explore the response of halophilic (halotolerant) microorganisms to NaCl stress. [Method] Lake
water, lake salt, and lakeshore saline soil samples were collected from the nearshore area of the
Emerald Lake. The halophilic (halotolerant) bacteria were isolated by eight different media with
three salt concentrations (10%, 15%, and 20%). The colony morphology, cell morphology, and
internal structures of three strains of halophilic (halotolerant) bacteria exposed to different
concentrations of NaCl were observed by optical microscopy, scanning electron microscopy, and
transmission electron microscopy, respectively. [Results] A total of 58 strains of halophilic
(halotolerant) bacteria were isolated, including 31 strains of halotolerant bacteria and 27 strains of
halophilic bacteria, belonging to 16 genera. Halobacillus (40.7%) and Bacillus (19.3%) were the
dominant genera of halophilic bacteria and halotolerant bacteria, respectively. The strains tolerant
to Na, Mg?", K, and Ca®" accounted for 84.5%. The cell lengths of Virgibacillus litoralis TRM
83602 and Piscibacillus salipiscarius TRM 83622 exposed to different concentrations of NaCl
were significantly different, while that of Brevibacterium epidermidis TRM 83610 did not change
significantly. [Conclusion] The Emerald Lake harbors abundant halophilic (halotolerant) bacteria.
NaCl concentrations can affect the growth, reproduction, colony morphology, cell morphology, and
internal structures of halophilic (halotolerant) bacteria. This study enriches the understanding about
the microbial resources in the Emerald Lake, providing abundant strain resources for further
development and utilization of halophilic (halotolerant) microorganisms.

Keywords: Emerald Lake of Mangya; halophilic bacteria; halotolerant bacteria; NaCl stress;
Halobacillus
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Table 1 The pH value and main salt components of three samples from Emerald Lake in Mangya

Sample  CO;> HCO,”  CI Ca** Mg* SO K* Na* Total pH
(g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg) (g/kg)

YK ND 0.610 0.060  1.995 7.300 2.160 1.353 356.950  955.000 7.4

YT 0.060 ND 0.005  6.985 11.320 22.265 0.930 15325  125.000 6.9

YH 0.240 ND 211.610  3.990 52.335 71.825 9.420 63.530  530.000 6.6

ND: Not detected, detection limit: 0.005 g/kg.
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Table 2 The information of the isolated strains and their range of salt tolerance

Serial Medium Salt Similar strain Maximum GenBank Salt concentrations (%) Classification
number concentration similarity ~accession Nz(| MgCl, KCl  CaCl,
of medium (%) (%) number

TRM83601 RM 10 Exiguobacterium ~ 99.9 PP658248 0-10 0-25 0-15 0-10 Halotolerant
qingdaonense bacteria
S82

TRMS83602 RM 10 Virgibacillus 99.9 PP658249 5-15 5-25 10-15 5-15 Halophilic
litoralis bacteria
JSM 089168

TRMS83603 RM 10 Jeotgalibacillus 99.1 PP658250 0-15 0-25 0-25 0-10 Halotolerant
terrae bacteria
JSM 081008

TRMS83604 RM 15 Halobacillus 99.7 PP658251 5-20 5-25 5-15 5-15 Halophilic
litoralis bacteria
SL-4

TRM83605 ISP2 10 Bacillus tequilensis  99.9 PP658252 5-25 5-25 5-25 5-20 Halophilic
KCTC 13622 bacteria

TRMS83606 ISP2 10 Bacillus siamensis ~ 99.9 PP658253 0-10 0-15 0-15 0-10 Halotolerant
KCTC 13613 bacteria

TRM83607 CM 10 Gracilibacillus 99.2 PP658254 5-15 5-25 5-25 5-10 Halophilic
dipsosauri bacteria
DD1

TRM83608 CM 10 Brevibacterium 99.9 PP658255 0-15 0-25 0-25 0-10 Halotolerant
epidermidis bacteria
NBRC 14811

TRMS83609 CM 10 Gracilibacillus 99.3 PP658298 5-15 10-25 10-25 5-20 Halophilic
dipsosauri bacteria
DDI1

TRMS83610 CM 10 Brevibacterium 99.5 PP658256 0-15 0-25 0-30 0-15 Halotolerant
epidermidis bacteria
NBRC 14811

TRMS83611 CM 10 Oceanobacillus 99.4 PP658257 0-15 0-25 0-25 0-5  Halotolerant
picturae bacteria
LMG 19492

TRM83612 CMKA 15 Lentibacillus 99.9 PP658258 Not Not Not Not  Halophilic
halodurans grown grown grown grown bacteria®”
8-1

(#4)
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(8i%2)

Serial Medium Salt Similar strain Maximum GenBank Salt concentrations (%) Classification

number concentration similarity ~accession NaCl MgCl, KCl  CaCl,

of medium (%) (%) number

TRM83613 CM 10 Staphylococcus 100 PP658259 0-5 0-15 0-10 0-5  Halotolerant
xylosus bacteria
CCM 2738

TRMS83614 CM 10 Halobacillus 99.7 PP658260 5-20 5-25 5-15 5-15 Halophilic
litoralis bacteria
SL-4

TRMS83615 CM 10 Oceanobacillus 100 PP658261 0-15 0-25 0-25 0-10 Halotolerant
kimchii bacteria
X50

TRM83616 CM 10 Terribacillus 100 PP658262 5-20 5-15 Not Not  Halophilic
aidingensis grown grown bacteria
CGMCC 1.8913

TRM83617 CM 10 Halobacillus 98.8 PP658263 5-15 5-15 5-20 5-10 Halophilic
andaensis bacteria
NEAU-ST10-40

TRM83618 CM 10 Priestia flexa 99.6 PP658264 0-20 0-25 0-15 0-10 Halotolerant
NBRC 15715 bacteria

TRM83619 CM 10 Rossellomorea 99.3 PP658265 0-5 0-5 0-10 Not  Halotolerant
arthrocnemi grown bacteria
EARS

TRMS83620 CM 15 Virgibacillus 100 PP658266 0-15 0-30 0-30 0-20 Halotolerant
halodenitrificans bacteria
DSM 10037

TRMS83621 CM 15 Thalassobacillus ~ 99.7 PP658267 0-10 0-15 0-20 Not  Halotolerant
hwangdonensis grown bacteria
AD-1

TRM83622 CM 15 Piscibacillus 99.4 PP658268 5-20 5-30 5-25 5-15 Halophilic
salipiscarius bacteria
JCM 13188

TRM83623 ISP5 10 Halobacillus 99.7 PP658269 5-20 5-25 5-25 5-20 Halophilic
trueperi bacteria
DSM 10404

TRMS83624 ISP5 10 Bacillus salacetis ~ 99.3 PP658270 Not  Not Not  Not Halotolerant
SKP7-4 grown grown grown grown bacteria’

TRMS83625 ISP5 10 Rossellomorea 99.1 PP658271 0-20 0-25 Not 0-10 Halotolerant
arthrocnemi grown bacteria
EARS

TRMS83626 ISPS 15 Halobacillus 99.9 PP658272 5-20 5-25 5-15 5-15 Halophilic
litoralis bacteria
SL-4

TRMS83627 ISPS 20 Halobacillus 99.7 PP658273 5-20 5-20 5-15 5-10 Halophilic
sediminis bacteria
NGS-2

TRM83628 ISP5 10 Bacillus pumilus 99.9 PP658274 0-15 0-15 0-10 0-10 Halotolerant
ATCC 7061 bacteria

(F52%)

>4 actamicro@im.ac.cn, 7 010-64807516
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Serial Medium Salt Similar strain Maximum GenBank Salt concentrations (%) Classification
number concentration similarity ~accession NaCl MgCl, KCl  CaCl,
of medium (%) (%) number
TRM83629 ISP5 10 Bacillus 99.9 PP658275 0-10 0-20 0-10 0-5  Halotolerant
zhangzhouensis bacteria
DW5-4
TRM83630 ISP5 10 Rossellomorea 100 PP658276 0-5 0-10 0-10 0-5  Halotolerant
marisflavi bacteria
JCM 11544
TRMS83631 ISP5 10 Priestia 100 PP658277 0-10 0-20 0-10 0-10 Halotolerant
endophytica bacteria
2DT
TRMS83632 ISP5 10 Bacillus altitudinis 100 PP658278 5-10 5-15 5-15 5-10 Halophilic
41KF2b bacteria
TRMS83633 ISP5 15 Piscibacillus 99.3 PP658279 5-20 5-25 5-25 5-20 Halophilic
halophilus bacteria
HS224
TRM83634 ISP5 15 Halobacillus 98.9 PP658280 5-15 5-20 5-15 5-10 Halophilic
profundi bacteria
IS-Hb4
TRMS83635 NHM 15 Halobacillus 99.7 PP658300 5-25 5-25 5-20 5-10 Halophilic
trueperi bacteria
DSM 10404
TRMS83636 ISP5 20 Halobacillus 99.7 PP658281 5-10 5-10 5-10 Not  Halophilic
dabanensis grown bacteria
D-8
TRMS83637 ISPS 20 Piscibacillus 99.4 PP658282 5-25 Not  5-20 Not  Halophilic
salipiscarius grown grown bacteria
JCM 13188
TRMS83638 H 10 Bacillus 99.5 PP658283 0-10 0-25 0-20 0-20 Halotolerant
paralicheniformis bacteria
KJ-16
TRM83641 H 10 Terribacillus 100 PP658286 Not  Not Not Not  Halotolerant
halophilus grown grown grown grown bacterial®*
DSM 21620
TRMS83642 H 10 Priestia 99.8 PP658287 0-10 0-20 0-10 0-10 Halotolerant
endophytica bacteria
2DT
TRM83643 CM 10 Terribacillus 100 PP658288 0-15 0-20 0-15 0-10 Halotolerant
saccharophilus bacteria
002-048
TRM83644 CM 10 Bacillus aequororis 100 PP658289 5-15 5-20 5-10 5-10 Halophilic
M-8 bacteria
TRMS83645 H 10 Priestia 99.8 PP658294 0-10 0-20 0-10 0-10 Halotolerant
endophytica bacteria
2DT
(F52%)
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(8i%2)

Serial Medium Salt Similar strain Maximum GenBank Salt concentrations (%) Classification

number concentration similarity ~accession NaCl MgCl, KCl  CaCl,

of medium (%) (%) number

TRMS83646 ISP5 10 Bacillus cabrialesii 100 PP658290 0-5 0-20 O0-15 0-5 Halotolerant
TE3 bacteria

TRM83647 ISP5 20 Pseudalkalibacillus  99.6 PP658292 0-15 0-30 0-20 0-10 Halotolerant
hwajinpoensis bacteria
SW-72

TRM83648 CM 10 Piscibacillus 99.1 PP658295 5-20 5-25 5-25 5-15 Halophilic
halophilus bacteria
HS224

TRM83649 CM 15 Thalassobacillus cyri 99.9 PP658296 5-15 5-25 5-25 5-10 Halophilic
CCM7597 bacteria

TRM83650 F6 15 Gracilibacillus 99.4 PP658297 5-20 5-20 5-25 5-10 Halophilic
saliphilus bacteria
YIM 91119

TRM83651 RM 10 Staphylococcus 99.9 PP658299 5-10 5-15 5-10 5 Halophilic
epidermidis bacteria
NCTC 11047

TRM83652 NHM 15 Halobacillus 99.6 PP658301 5-25 5-25 5-25 5-10 Halophilic
trueperi bacteria
DSM 10404

TRM83653 F6 10 Jeotgalibacillus 98.7 PP658302 0-20 0-25 0-25 Not  Halotolerant
terrae grown bacteria
JSM 081008

TRMS83654 F6 10 Oceanobacillus 99.9 PP658303 0-20 0-25 0-30 0-5  Halotolerant
kimchii bacteria
X50

TRMS83655 F6 10 Pseudalkalibacillus  99.7 PP658304 0-15 0-30 0-20 0-10 Halotolerant
hwajinpoensis bacteria
SW-72

TRMS83656 F6 10 Jeotgalibacillus 98.6 PP658305 0-15 0-25 0-20 0-10 Halotolerant
terrae bacteria
JSM 081008

TRMS83657 Fo6 10 Bacillus aequororis 99.9 PP658306 5-15 5-20 5-10 10-15 Halophilic
M-8 bacteria

TRMS83658 F6 10 Jeotgalibacillus 99.2 PP658307 0-15 0-25 0-20 0-10 Halotolerant
alimentarius bacteria
YKIJ-13

TRMS83659 CM 10 Brevibacterium 98.8 PP658291 0-15 0-25 0-20 0-15 Halotolerant
epidermidis bacteria
NBRC 14811

TRMS83660 ISP5 20% Halobacillus 99.1 PP658293 5-15 5-10 5-10 5-10 Halophilic
andaensis bacteria

NEAU-ST10-40
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XSETR AR IEAT T 032 (R 2)0 2 BRSCHR[32] 44 Tinf
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Figure 1

The distribution of halophilic (halotolerant) bacteria in different salt concentrations. The percentages

shown in the legend represent the mass percentage concentration of salt.
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===z Oceanobacillus
=== Lentibacillus
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zm® Brevibacterium
N\ Bacillus

Figure 2 Effect of different types of media on the isolation and cultivation of halophilic (halotolerant) bacteria.

Staphylococcus
40 Lentibacillus
Brevibacterium
35k Jeotgalibacillus
Pseudalkalibacillus
30k Gracilibacillus
" Piscibacillus
£ Thalassobacillus
g 25r Rossellomorea
. Priestia
© 20 Halobacillus
5 Terribacillus
g 15k Oceanobacillus
3 Bacillus
< Virgibacillus
10 Exiguobacterium
5 =
0 YT YK YH
Sample

E3 AEHFmIBRGHEMRAENE

Figure 3 The number of halophilic (halotolerant) bacteria isolated from different samples.

18 4 ZE ST B (Lentibacillus halodurans) TRM
83612 Xl 7 MMEERER, S HRSCHR[33-34]45 3R AR
2F 0T 5 (Bacillus salacetis) TRM 83624 F1 7 fii
+ M ZF 9 T B (Terribacillus halophilus) TRM
83641 Rl 43 M EREE ; Goiteh R s, MEhEdt
A 31 Bk, HEE R 534%; BELWA
27 ¥k, 5 R FEMRELR 46.6%. Xt A 8 g
A SR R SR Tt e R, AT A
JR A ARER 20 BRI Tt ER T, o5 SR AR AL
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() 34.5%; A 4 DB I 19 bR ¥IA)E T
L 5 REMRE 32.8%; A 5 ARG E
T SR A A, RS 32.7%. A\
WE R E, WERES T 120 EE T, &
ST JE Y 75.0%; 1R ER T A A0 T 9 N IR
H, HAREIE R 56.2%. Horf, REERIE EEORIE
F Halobacillus (40.7%), TitEh & Bacillus (1) 5
P (19.3%) . DA EER R, WAL 12 4>
BB A AR Iz, TG AR TR ) S A
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Figure 4 The distribution of halophilic (halotolerant) bacteria among different bacterial genera.
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JEAFIE . A0 SRR LUK 20 N R4 A
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2.3.1 NaCl ¥ 3 HREEMHREEKEEEE
FHIER ST

AEYI R TE RAE(E] 5) 54 K HhZ (& 6)RE
i EOWL Sz e A KOR DL 5 NaCl R BE R G &R o
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AT 7 S PG B, PRI, R R O

% FE A (ODgoo) 11 1.85 Fifi & NaCl ¥ i $2 7+ =
10%, BHER/NA TGN . REeh B, M
T S5 RO 2% FEAE AR R 3G K (ODgoo H 1.9); 24
NaCl VR 15% B, BESE A6, WK
NN, R REDEN . -, (HER R K
65 BE A /N(ODgoo 1 1.4); £ NaCl ¥ 0,
20%-25% WA, Wk TR ALK F
5%—15% 1) NaCl ¥ FEEJE N, BEE NaCl k&
ARG, R R RO FEAE eI IS R, B4R
RN = 1) NaCl e R Sl HA K

X B. epidermidis TRM 83610, 7FJC NaCl
MO BT, HEERFL A, Kk,
FRMDEH HARWRN, RIOCHEEN 2.5; 4
NaCl ¥ &R 5% B, TRV Y e RO 25 1 s g
£ 23, HEFEESITHIRAL; NaClikE; 2
10% B, RV SOLR N 2.3, HEVEK
NN, B AR, BRI RS, SRTEDG ;
TE 15% NaCl &1 T, WA ROGE FEEE N
2.1, WYER/NIRERN . FRIEEH, TR,
B % 24 NaCl B R 20%-25% B, 1%
PRICIEAE K 0-15% M NaClLREEVE RN, Bl
NaCl ¥ B (938, TRM 83610 HY %58 B (H 1% 7
/N, U A R () NaCl X% Rk A A 1 B
HIHIEH
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ES5 =#HREFHIRBEEFRERENaCIFHETEIFME. Al-A6: /HIFIREIN T FESECN0. 5%, 10%.
15%. 20%. 25%FINaCIF)TRM 83602; B1-B6: 7l imil 1 B B0, 5%, 10%. 15%. 20%.
25%HINaCIFJ TRM 83610; C1-C6: 70l Z/m s 1 B EON0. 5%, 10%. 15%. 20%. 25%HINaCl
) TRM 83622,

Figure 5 The colony characteristics of three halophilic (halotolerant) bacteria in different concentrations of
NaCl. A1-A6: Represent TRM 83602 with added NaCl at mass percentage concentration of 0, 5%, 10%, 15%,
20%, and 25%, respectively; B1-B6: Represent TRM 83610 with added NaCl at mass percentage concentration
of 0, 5%, 10%, 15%, 20%, and 25%, respectively; C1-C6: Represent TRM 83622 with added NaCl at mass
percentage concentration of 0, 5%, 10%, 15%, 20%, and 25%, respectively.
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K4k, C: TRM 8362214 K ik .

Figure 6 The growth curves of three halophilic (halotolerant) bacteria in different concentrations of NaCl. A:
The growth curves of TRM 83602; B: The growth curves of TRM 83610; C: The growth curves of TRM 83622.
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E7 Z=#%EEREEAFRRENaCIFHEMBEREGXEHIIA1000x). A1-A3: HIFRRBNT
RN % . 10%. 15%MNaCl TRM 83602; Bl1-B4: ZFHIE /RGBT HEE3EH0. 5%, 10%.
15% ) NaCIfY TRM 83610; C1-C4: 435l R /miBsin T i a8 5%, 10%., 15%. 20%F¥NaClf) TRM

83622,

Figure 7 Microscopic images of three halophilic (halotolerant) bacteria in different concentrations of NaCl (the
magnification is 1 000x). A1-A3: Represent TRM 83602 with added NaCl at mass percentage of 5%, 10%, and
15%, respectively; B1-B4: Represent TRM 83610 with added NaCl at mass percentage of 0, 5%, 10%, and 15%,
respectively; C1-C4: Represent TRM 83622 with added NaCl at mass percentage of 5%, 10%, 15%, and 20%,

respectively.
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J& N Bacillus (64.2%); 5K Jik 250058 i =5 3 f )
¥R REM LIRS Bacillus (41.9%) .
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JE W R B I 8 A Bacillus (82.6%).
Halomonas (8.9%), & W WP (4 i # J@ H
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Figure 8

Scanning electron microscope images of three halophilic (halotolerant) bacteria in different

concentrations of NaCl. A1-A3: Represent TRM 83602 with added NaCl at mass percentage of 5%, 10%, and
15%, respectively; B1 —B4: Represent TRM 83610 with added NaCl at mass percentage of 0%, 5%, 10%, and
15%, respectively; C1—-C4: Represent TRM 83622 with added NaCl at mass percentage of 5%, 10%, 15%, and

20%, respectively.
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Figure 9 Transmission electron microscope images of three halophilic (halotolerant) bacteria in different
concentrations of NaCl. A1-A3: Represent TRM 83602 with added NaCl at mass percentage of 5%, 10%, and
15%, respectively; B1-B4: Represent TRM 83610 with added NaCl at mass percentage of 0, 5%, 10%, and 15%,
respectively; C1-C4: Represent TRM 83622 with added NaCl at mass percentage of 5%, 10%, 15%, and 20%,

respectively.
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