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TR, WIE E AR 415000
2 HSRGTIETRSS IR AT AR R G 2SR, Wivl Bl 310012
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B OE: [HF) AREMRELENK, DT RFE, 284S0 BA M4 A2 A LR
A, (B8] BETAG &R, KREETEBIMAS A FRAZEANGHOEEA TR,
e A EAEAE, [ ] AR T 2022 5 1 A RERFEY 5 AREIRE 6 40 AR, NIRRT
BT, FR@AG BN, REREMARTR, Fatfmaxaotr. [4R] 255 253 &%
WME, OLEQI0RELEAME, BHREXFTRNZE, EETLANE, LI 2AHZRERA
J& (Pseudomonas, 46.6%). 14 3 384T # & (Fictibacillus, 7.5%). & #F i /& (Pseudarthrobacter, 6.7%)
Fa 3 J04F B B (Bacillus, 5.1%). BiE G 05, 2 ARF 30 M EL B SEEAF TH S AFRZHZ
A mE, 35 20 %k Mg® (GRAMZ RE A 500 mmol/L). 4 #k Mn?" (F& K@% i E 4 500 mmol/L).
38K NI (FRKAHZIRE A 30 mmol/L)Aw 3 & Zn® (R KA Z KA A 25 mmol/L)IL e ; 5 AR
KA RE A 0.04 g/mL)Fn 2 ARIEGR KA ZIRE A 0.02 gmL)e % H, E4 a2 mABEHAE
e | SRBEF BEAK. [0 SATRRAREERG@E SHERGELT, £ A L. Efagf
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Diversity of cultivable bacteria from East Dongting Lake in
winter

GUO Lili', YI Lidong', LIU Xujing', WANG Kang', SHI Tao', XU Luo', CHEN Na',
ZHANG Yang', FU Geyi 2
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University of Arts and Science, Changde 415000, Hunan, China

2 Key Laboratory of Marine Ecosystem Dynamics, Second Institute of Oceanography, Ministry of Natural
Resources, Hangzhou 310012, Zhejiang, China

Abstract: [Background] East Dongting Lake occupies a special geographical location and
harbors abundant species resources, including a variety of microorganisms with unique
physiological and biochemical characteristics. [Objective] To obtain the bacterial resources
with tolerance to heavy metals and polycyclic aromatic hydrocarbons (PAHs) by the culturable
methods and clarify their physiological characteristics. [Method] Forty samples were collected
from five different regions of East Dongting Lake in January 2022 for the measurement of
environmental factors. The bacteria were isolated, microbial strain resources were obtained, and
the correlations of bacteria with environmental factors were analyzed. [Results] A total of
253 bacterial strains were isolated, including 210 strains with tolerance to heavy metals and
43 strains with tolerance to PAHs. The strains belonged to 42 genera, which were dominated by
Pseudomonas (46.6%), Fictibacillus (7.5%), Pseudarthrobacter (6.7%) and Bacillus (5.1%).
After re-screening, 30 strains with strong tolerance to heavy metals and 7 strains with strong
tolerance to PAHs were obtained. Specifically, 20, 4, 3 and 3 strains showed tolerance to Mg2+,
Mn*", Ni*" and Zn*", with the maximum tolerance concentrations (MTCs) of 500, 500, 30 and
25 mmol/L, respectively. 5 and 2 strains had tolerance to naphthalene and phenanthrene, with the
MTCs of 0.04 g/mL and 0.02 g/mL, respectively. Two strains of potentially novel species and one
strain of potentially novel genus were identified in this study. [Conclusion] The bacterial
diversity varied among the samples from five regions, being higher in Yueshan, Yueyanglou,
and Junshan than that in Lujiao and Nanhu. The temperature, total dissolved solids, electrical
conductivity, and dissolved oxygen had the greatest influences on the composition of bacterial
community, while pH and salinity had the least influences. The low number of strains with
strong tolerance to heavy metals and PAHs in this study may be associated with the effective
pollution control in East Dongting Lake.

Keywords: East Dongting Lake; cultivable; tolerance to heavy metals; tolerance to polycyclic
aromatic hydrocarbons; bacterial diversity

WA R HOK B R E ARy, B35 H BRI S RRNEZREZ —, BAH0K.
SRFLMK MG AP R AGER, FE kA Prsek PR BUK . IRk L Ul L BRI 2 A RE .
2R S mE A, — i, WHAME R A, AT AR, SRS RS
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Yima . Redt. (5B acismAN, AR T YRR X
LB RG- . TR REY) Z e,

I 22 W R TR 5 — IROK AR PR BT
L [ P A S N et ) L) N
G5 R EE RAER o B A 8 KA AR
K, BERIAE S, 12 7 BAE 2 H Ak,
5-9 A Rk, HAem Pk, Bar, 1EM
THARMILE B 21 ANILARIAGTR KN EA ]2, o
F BLALFE (R BRI B ] (Pseudomonadota) . 1% 4 B
I"](Cyanobacteriota) . #l#T [ ] (Bacteroidota) .
it 2% B 1] (Actinomycetota) F1 P W 1]
(Verrucomicrobiota)25®!, — 5, 4HE S 5K
KR h & BT RN SR, 5 —Jr i,
WAE AL G0 R, s pL
HYYICNR . R B B LS SRR A
B TCAILAR 25 543, 352 M A0 T 7K A4 (R I 05 o o
SERUK AL . ARG IBIIA R B 4 JE Lk
22 3855 I A 40 T 2 18 48 N 24 4 R 55 ik
Wy (A R VR AF 2 RS U AR T B A T B
T AR K X3, Wi Tk sk AR 2, % X5
KT R S R £, (RO AR E T 24
PEFINRERIARIE oA B, EY & 4R bt
PRI Z2 3805 R R R LT R o s, AR TS
AN RS

AR I3 10 Ao SR B AR T Je 1) AN [ DX )
Fedh, MERER T, JFRESBIEMZH
J5 KR 32 N Ay B R SR RIS U TR IR
R I BT A T 2 A ) A AR R S e )
PN 2%

1A

1.1 #&
1.1.1 #5&

2022 4 1 H WY AT e A 1121 380 T
EREMIX .. AINX . E#X . HHEEXFE L

X 5 AN, RAET 20 AN RS A R )2
KRR L 40 iRESR (R D), RIFT
FUKASHIPRRAT N, M RIBE S E, T4 °C
UKFRPRAF T 5 SL AT B 3 s B 5
1.1.2 iE5xE

2216 [E A F7 K (g/L): peptone 5.00, yeast

extract 1.00, MgCl,-6H,O 12.60, MgSO,7H,0
6.63, CaCl, 1.80, KC10.55, NaHCO;0.16, KBr
0.08, 1 000xSrClL, F:3# 1.00 mL, 100xFerric citrate
£ 10.00 mL, 1 000xNa,SiO; £ 1.00 mL,
1 000xfi B JCZEEE 1.00 mL, BHEH 20.00.,
Hrp, 1 000xStCl, B9 : SrCl, 34.00 g/L;
100xFerric citrate £}k : Ferric citrate 10.00 g/L;
1 000xNa,SiO; B} : Na,Si0540.00 g/L; 1 000x
R LR B (g/L): H3BOs 22.00, NaF 2.40,
NH,NO; 1.60, K,HPO4 8.00, }53E5LM 5%
7 ] P o P g P s IR 2 (https://www.dsmz.de/) o

EEBPENEY) R IR, mE KE
2216 553534351 A MgCl,-6H,0 (100 mmol/L).
MnCly-4H,0 (100 mmol/L) . NiCl,-6H,0 (100 mmol/L).
ZnSO4-7H,O (100 mmol/L) F1 CuSO4-5H,0
(100 mmoVl/L)f#FF I , T8 42 & &5 F 2R E 43 51N
1.0, 5.0, 1.0, 1.0, 0.5 mmol/L,

W AR TCHLER 15 9% B (g/L) . K,HPO, 0.80,
KH,PO, 0.20, CaCl, 0.05, MgCl,-6H,0 1.07,
FeSO4-7H,0 0.02, (NH4),S0,1.00, NaCl 5.00,

Z I TF RN Z AP T 3G 52 4 . R
Mo A R AR, A KR AR TC AL
EREEFRAEL, 2R E /355 0.32 mg/mL F
0.12 mg/mL,

Biiny, EEJRE T MER TR E
wmr

1) Cu®: 5. 10, 15, 20, 25 mmol/L;

2)Mg*: 5. 10, 15, 20, 25, 500, 800,
1000, 1200, 2000 mmol/L;
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Table 1 Sample information

i i 5 A H 1 I Ji] SRJE i HH
Sample No. Sample name Date Time Longitude (E/(°)) Latitude (N/(°)) Type
S1 LJ-W-I 2022-01-09 10:06 am 113.000 265 29.155 506 W
S2 LJ-S-1 2022-01-09 10:16 am 113.000 239 29.155 501 S
S3 LJ-W-1I 2022-01-09 10:46 am 112.999 771 29.156 215 W
S4 LJ-S-1I 2022-01-09 10:53 am 112.999 744 29.156 206 S
S5 LJ-W-II1 2022-01-09 11:16 am 112.999 052 29.158 318 W
S6 LJ-S-11I 2022-01-09 11:21 am 112.999 123 29.158 299 S
S7 YS-W-I 2022-01-09 12:50 am 113.063 147 29.339 815 W
S8 YS-S-1-A 2022-01-09 12:41 am 113.063 028 29.339 702 S
S9 YS-S-1-B 2022-01-09 13:02 pm 113.063 038 29.339 411 S
S10 YS-S-I-C 2022-01-09 13:05 pm 113.063 014 29.339 225 S
S11 YS-W-II 2022-01-09 13:30 pm 113.063 515 29.340 307 W
S12 YS-S-1I-A 2022-01-09 13:37 pm 113.063 490 29.340 348 S
S13 YS-S-1I-B 2022-01-09 13:43 pm 113.063 653 29.340 180 S
S14 YS-W-III 2022-01-09 13:40 pm 113.062 819 29.340 203 w
S15 YS-S-1II-A 2022-01-09 13:55 pm 113.062 854 29.340 164 S
S16 YS-S-11I-B 2022-01-09 14:05 pm 113.062 816 29.340 263 S
S17 NH-W-I 2022-01-09 16:35 pm 113.120 346 29.347 636 W
S18 NH-S-1 2022-01-09 16:47 pm 113.120 348 29.347 637 S
S19 NH-W-II 2022-01-09 16:54 pm 113.119 763 29.347 436 W
S20 NH-S-1I 2022-01-09 17:05 pm 113.119 773 29.347 454 S
S21 NH-W-III 2022-01-09 17:10 pm 113.118 917 29.346 320 Y
S22 NH-S-III 2022-01-09 17:11 pm 113.118 911 29.346 321 S
S23 NH-W-1V 2022-01-09 17:34 pm 113.116 114 29.343 267 W
S24 NH-S-1V 2022-01-09 17:35 pm 113.116 249 29.343 244 S
S25 YYL-W-I 2022-01-10 9:27 am 113.084 707 29.376 358 W
S26 YYL-S-I 2022-01-10 9:38 am 113.084 721 29.976 324 S
S27 YYL-W-II 2022-01-10 9:47 am 113.084 854 29.377 183 Y
S28 YYL-S-II 2022-01-10 9:50 am 113.085 008 29.376 988 S
S29 YYL-W-III 2022-01-10 10:07 am 113.085 127 29.378 140 W
S30 YYL-S-III 2022-01-10 10:15 am 113.085 373 29.378 364 S
S31 JS-W-1 2022-01-10 13:50 pm 113.009 191 29.380 397 W
S32 JS-S-1 2022-01-10 14:10 pm 113.009 191 29.380 397 S
S33 JS-W-II 2022-01-10 13:55 pm 113.008 707 29.379 622 w
S34 JS-S-11 2022-01-10 14:05 pm 113.008 707 29.379 622 S
S35 JS-W-III 2022-01-10 14:05 pm 113.008 454 29.379 300 Y
S36 JS-S-1II 2022-01-10 14:30 pm 113.008 454 29.379 300 S
S37 JS-W-1V 2022-01-10 14:10 pm 113.008 211 29.378 925 W
S38 JS-S-1vV 2022-01-10 14:35 pm 113.008 211 29.378 925 S
S39 JS-W-V 2022-01-10 14:15 pm 113.008 022 29.378 527 w
S40 JS-S-V 2022-01-10 14:50 pm 113.008 022 29.378 527 S

LJ: REffi; YS: Aili; NH: mWMil; YYL: & IS: Bili; W REKFES; S: KBRS
LJ: Lujiao; YS: Yueshan; NH: Nanhu; YYL: Yueyang Lou; JS: Junshan; W: Surface water samples; S: Surface soil samples.
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3) Mn*": 10, 20, 30, 40, 50, 100, 200,
300. 500, 1000 mmol/L;

4)Ni*": 5,10, 15, 20, 25, 30, 40, 50,
80. 100 mmol/L;

5)Zn*": 5. 10, 15, 20, 25, 50, 80, 100,
200. 300 mmol/L;

6) %%:0.80.1.60.4.80.8.00.16.00.25.00,
33.30, 41.70, 50.00. 58.30 mg/mL;

7) JE: 0.09. 0.18, 0.27. 0.36. 0.72. 5.56.
11.11, 16.67, 22.22 mg/mL.

DL 85 3% 300 s R K R s T 121 °CKRA
30 min, & J& & T MEZ 5 R Z 0.22 pm 1)
TCTR U8 B I8 5 A A S R 5
1.1.3  FERFIMNE

2xTaq PCR Master Mix, ot 5t 11 5L 5]
FARABRAF]; PCR K ALK HAAR G, &
FHEWH AR AR AE . &EKEH, Wada
Stainless Kogyo Awl; fHilR#RZ 4 . fHIREEFR
M, Bl EREES A R A E] SR R
AL, Eppendorf /3 Fl; PCR X, P54 RFERHY
AR BEREUEAL, Bio-Rad A H],
1.2 75
1.2.1 FEERFNE

I K ARG A B 37 I 2 /KA R R . 3k
B . pH. %% (dissolved oxygen, DO), H %
RN A % UK (total dissolved solids, TDS).
1.2.2 HmmatE

SrEE RPN AT, AR SR AT AL
. 4y 2 IR Z ME R, T E E Wik
BLINE U X (1 NP = B N S TR 31N
TR, Fa A ZEMAER R T/ e
i, e KE R 30 mL WA TCHLE 1 557
B, HZMIELWE 351 0.32 mg/mL F
0.12 mg/mL. [1] % A Z5FIFE 1 K5 7L 2 5 i A
JKAE(L:10)F EAE(L g:30 mL), T 30 °CH; 344

PR E S 7 d, PR EAERE R R
—
123 E#HO S, EFMRE

A 0.1 mL JKFERT 0.1 g T3EMEaL T
0.9 mL & KB A s A I K AT 40 BE A B, I 7
FRAFHCH 1072 FI7KRERT 107 fR) - 330 43 34
ABNEH ST 48 2119 2216 BIARRE 57 4
R o A 2 FR 5 KR 32 T 43 125 i AL P s AR R
IRV TRRERG R, ARER 107 BT A U A
BN nl S 2 FhASTR] Z2 30 05 6 S W — Al 5 A U
PR TCAILER AR I 5L R T, F P& T 30 °CHs
FA P EERFE 20 d,

WL IF 10 45 TR 75 T A RRAE , BRI
PT343 mL 2216 B H, FIRERRY
2T 30°C, 180 r/min 3595 X HUE KM &
Ay, F 25%H il T80 °CLR i
1.2.4 BHHKETF

BRI PR A, S ERIERN T 2216
WASE IR, THEERZ 4 30 °C. 180 r/min
Bi9% 3 d.

S3 L & 4 8 B R 2 30 05 ke i 52
Pk, SRS pL B, BT 30 °ClHIR
FRRA, A EE SR Sd R T d, WEIFIE %
SR BRSO . AR DA STk, A
SR PEFE Cu®t, Mg® . Mn®". Ni**. Zn®'Mi 2
WeBE 43353 5. 500, 500, 10, 15 mmol/L X
FHCAE SR E T bR R s BRI 82 ik
BEAM A E] 41,70, 22.22 mg/mL LA F R £ 3
35 4 e it 37 e 1 B R
1.2.5 16S rRNA EEFFIEE S

B 1 mL & EW 12 000 r/min 25.0> 3 min
ZBr B, FHIIA 50 uL K HaiKiEs,
KK B VK 4R B DNA, AR 514 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")#l 1492R
(5-GGTTACCTTGTTACGACTT-3")#7 16S rRNA
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PCR JZ W 1A £ (25 puL): 2xTaq PCR Master
Mix 12.5 uL, ddH,O 11 uL, B[4 27F il 1492R
(10 umol/L)%% 0.5 uL, DNA 4 0.5 uL. PCR
SR ZF . 94 °C 5 min; 94°C 30s, 55°C 30s,
72 °C 1.25 min, 33 &X#E¥#; 72 °C 8 min; 4 °C
TRAF

I FHBE IS AR AUWER PCR ¢ 39 30CR , K™
B IR ik 2 AR TR P A w1 T 16S
rRNA FEIF o SRAHI 745 R J5 8 id BioEdit
B 2 B W 7 40 7Y, BRI A Eztaxon-e
(http://eztaxon-e.ezbiocloud.net/) W i 7ELL /3,
WhE WK AL, K F AR R
GenBank . FHRUME/N T 5055 T 97.0% 1) /2 BELUBT
i, /N 95.0%A & BE LT R0,
1.2.6 FRFHLDH

{1 i CLUSTAL W 3 RS 45 bk S A
TR 16S IRNA BEH)F4IMY, ffi ] MEGA 7.0 #k
TR ARG R B, AR S Hirt,
Bootstrap {3 1 000 k&, L. Haloferax
larsenii JCM 13917" & R AME, 2 4845 1k
(neighbor-joining method, NI 2 & & #',
A HAEL M TVBOT (https://www.chiplot.
online/tvbot.html) i /1< &l &)
1.2.7 SEMERBSN

F A+ 8 H (Shannon £ #£ 1k 45 %) Ml
Margatef 3= & & 5 £0(Dwg) 2 X H A7 1) A LR 1
B8 FRIGEER, FRAHEER, XA
TR P RAME R L, B2 %5 . Margatef
T A B A I AR S XN AR ) 2 A
PEFNWTZ X BTG e . AW ZREPEM ST, ¥5
Yulkiat . 522 M, Shannon 5] 550 (E) I
Berger-Parker It #3554 (d)J& T %) & S M AH X )
ORI IEE . ZHMERBOIAE AKX T

S
H=->"PInR . Dy,=(S-1)/InN, E=H/InS. d=Nu/N-

K SHFEM T OTU; N, FETE PR %
Z IR RE N BEE I TS P
J&TF OTU i MIAMATE R BAMAE Y He 1)o7,
1.2.8 HEXMDH

I FF a8/ (detrended correspondence

analysis, DCA)Z5 3, i 1 704 20 (redundancy
analysis, RDA)TZ 4 41 17 75 45 44 5 A 5L R+ 19
FHFENE . RDA 4k & Fhafi i Sk i 2 BER /R 35
K, #isk SRS E LK BB, BB E
PR, Szl FEJT RO BB IR 1 i A Sk
PO K JE RN WA A RS2 e, Al
WG BRI R 1~ XA 5 R v A2 i o o Sk B
Ak 14 G2 R 3278 R85 IR 5 HE 3 il 79 OE £ A O
PEo BB FARRFLER, AT
HTHA R, IWEZRRETLI, WA R
WK, BIFENFEEMEKRE L LR
OmicShare /¥l (https://www.omicshare.com/tools)
HATICAR 51T

2 BRS04

L AT IR M TIIEAEARTABE I 20 Ao L
[ 40 frkEah o B 24T 253 Bk, RIET 42 4
J& , AR 2 RAEAERTE 1Rk, I3 2.

*2 TENBEMYMESR

Table 2 Information of novel species candidates

G HWRAFR ERAHLE R ARARL:
No.  Strain Most similar strain Similarity
name (%)

1 NH-89 Microbacterium 97.0
phyllosphaerae DSM 13468"

2 JS-23 Janthinobacteriumlividum  95.7
DSM 15227

3 LJ-F-7 Hydrogenophaga 92.2

carboriunda YZ2T
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Hr, Hkk NH-89 HA Co™Hitk, S8 THAT
J& (Microbacterium) . 1% J& J& i #F i &
(Microbacteriaceae) ' iz K4 K HIT, |25
AR WK, DU, L8 WIS e .
I PRARAS SE RS, A2 [RBHME, REZHU™
WA, DBUR IR DRA, IR
MK-11, MK-12, MK-13 = MK-14"8"71" 38
AL LA HE S B S 2R S5 e E R AT ) o
WPk JS-23 HAT Mn*hitt, @ T LR
J& (Janthinobacterium), %J& M De Ley % T
1978 AFETREE M, EHE S TR . JEVR
XA KR RN 8, 32 A IR I I 2 Q-8
Pk LI-F-7 AR 26801, )8 TABRIEH
Bl (Comamonadaceae) ) £ & 7= /K W J&
(Hydrogenophaga). % J& 5 4 24 [P, A sk
HeMEDR &, /BRI HRKEE . 3. 151,
Te s FHELSE, dEfbae s FRm, USRI H,
A A REE . DL COy HRRIE AL RE TTAL A 57

#=3 TRLHMAEHNHE
Table 3 Numbers of different bacteria

A=,
2.1 HITHEER

FIFHE 4 S B SRR Z 05 K
PLER R SR L0088 253 MRET, RIRT 421N E .
Hrh, y- 25 44 138 ¥k (Gammaproteobacteria,
54.5%), FFFEY 47 ¥R(Bacilli, 18.6%), Jik
R THA 41 Fk(Actinomycetia, 16.2%), o-28TE
Y4 13 #k(Alphaproteobacteria, 5.1%), B-ZETEHE
4% 12 #k(Betaproteobacteria, 4.7%), %N
2 Fk(Flavobacteriia, 0.8%). 7 H/K¥, Ty
515 B i # H (Pseudomonadal es) 1 2 # 4T i H
(Bacillales) (5% 3),
2.1.1 HEZHEMSAER

T )8 K, RS REEEE RR
(Pseudomonas) . A Z fi T 1 J& (Fictibacillus) |
fi5% 35 #F 14 J& (Pseudarthrobacter) F1 % 7 41 14 J&
(Bacillus), L5510 46.6%. 7.5%. 6.7%FHI
5.1% (B 1),

24 Class H Order %ie Number Lo il Percentage (%)
Alphaproteobacteria Caulobacterales 5 2.0
Rhizobiales 4 1.6
Rhodobacterales 1 0.4
Sphingomonadal es 3 1.2
Betaproteobacteria Burkholderiales 12 4.7
Gammaproteobacteria Aeromonadales 7 2.8
Alteromonadales 2 0.8
Enterobacterales 1 0.4
Lysobacterales 3 1.2
Moraxellales 3 1.2
Pseudomonadales 122 48.2
Actinomycetia Cellulomonadal es 1 0.4
Microbacteriales 13 5.1
Micrococcales 24 9.5
Mycobacteriales 2 0.8
Propionibacteriales 0.4
Bacilli Bacillales 47 18.6
Flavobacteriia Flavobacteriales 2 0.8
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1 i EMEEE LA
Figure 1

TEWAKN-, B D o BIE AN . B8
TEHEN . - TE B 49 . 2k TR 49 A0 2 f A B 2K
fE 5 ADHLIXHE 12 504 o y-A2 T TR A R R
T B (Pseudomonadaceae) i 115 2. Jifd T4 J& L 151 ¢
Koo ASTR) XIS HE V5 AT AE— E R, B
LE AT T 40 40 A BLAE A L XOR I PR A% X
(F 2A); TEIBAE I, ANFENLS AN E 2SRt
WRZES, EHEXAIE X435 B A0 A2
2 AL, iR A X2 (& 2B),

NGEREE T e ot 3 W N |
(& 3). ABtFE L RIS sr 8 210 bhE B HT
PEANTA, 2 BI40FE 50, 55, 53, 44, 8 ¥kAl Cu®',
Mg’ Mn®'| Ni*'. Zn*'HitE4i . 43 thEH

Percentage of different genera for bacteria.

® Brevundimonas Buttiauxella
= Ciceribacter m Ensifer
' Erythrobacter B Exiguobacterium

» Fictibacillus u Flavobacterium

Hydrogenophaga m Janthinobacterium
Limnobacter ® Mesobacillus

u Metabacillus u Metasolibacillus

= Microbacterium 8 Nocardioides
" Novosphingobium ™ Paracoccus
Planococcus B Priestia
' Pseudarthrobacter  m Pseudomonas

Pseudoxanthomonas ™ Psychrobacter

Rhodococcus B Rossellomorea
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JF IR SZ AT, AR HE 17 ARZEFN 26 ARIET
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71, HHEHEK, Fen HTE A EH ik
212 RGAERWMER

ABFSEEET 16S rRNA HEHFEA 1T RS
HEAL AT, R AR 0 R G K B A5 R
W, 4B 253 N S RAHRIAY 120 MR
HEYI D FEERIEAE 6 DAL, WKy y-72
WM., B-EEHN . o-LTEHA . BN .
ERFFRN . HTF RN, 3 WRIEENY RS i
AL T KR 5390 R B AE— (] 4).
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B Acinetobacter W Microbacterium
" - Advenella W Nocardioides
30 - 1" Aeromonas " Novosphingobium
m Agromyces W Paracoccus
70 F W Ancylobacter Planacoccus
W Arthrobacter M Priestia
g 60 I Bacillus " Pseudarthrobacter
2e W Brevundimonas W Pseudomonas
& g 50 — Buttiauxella Pseudoxanthomonas
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E 40 . i W Ensifer Rhodococcus
W Erythrobacter M Rossellomorea
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LJ YS NH YYL IS B Mesobacillus W Stenotrophomonas
{ii 5, B Metabacillus Stutzerimonas
Site
2 FREEBTEREXESBHEESNA)FEE®B)HI LA

Figure 2 Percentage of bacteria at class (A) and genus level (B) isolated from different sampling sites in

East Dongting Lake.

2.1.3 ZHMERSWER

ANTa) i or ) o Z RN, H il &
FHARE R 1L b 67 43 85 I A 18, ZREPEFR £ (H)
F= 85 BE AR (D) P 5] FEFR R (E)ER L ALK,

JEE 11 R R I 0 5 A AR DL R BRI o 4
REW, Al AR AUCE DX 2 A
PEEE R AN R WX A0 2 R A
(& 4,
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& Hydrogenophaga Sphingobium
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Limnobacter 0 Stanhviococeus

Figure 3 Percentage of bacteria isolated from different media.

2.1.4 HXMIHER

it RDA 4387, 55 —HEPfl A S5 —HE )74l
X5 Al DR A A A B 43 il iA 31 88.36% 1
6.84%. M HE 25 FREE R 5 HE P il e f K,
AT R S5 —HE el o R (e K A IR B IR 2
FE L HRE YR IEADOM pH (AR,
HE 7 il o7 R A ) S I R SR (LE A Q) AR B
(A ) o MRHE T Sk P A, ATANE B | Ao
TR, HLS R VAR SRR B A AT TR R VR 4
UMK, pH FIERFER/IN . PRI DR I A 4
HLGR | R TR R R AR R R,
115 pH. AV PEORL & o 5 A DG . AR ER 43
Fan U HFEEAMA . Al EHE), (2%
RDA KW PR e, R W FLTR B 45 M) FE A 22
So BERLEIR, pH X SFARAFT R R ALK,
s SR HEMEEXT o-F1 y-AR T
PR SE AR, AT SURL X i L R AN A B

TEENR I, WK 5,
22 ERHER

b &0, HRA% 30 MR E E AR BRI TE
7 MREIIFIR R Z AN . A 20 Bk Mg,
4 Bk Mn*". 3 ¥k Ni*"HI 3k Zn* Brihan g, i
KRS 52 ¥ FE 43 31 4 500, 500, 30 Al 25 mmol/L,
] Cu® YL E R T IR A K 5 BRZEFN 2 Bk
T 32 B, F5 K 32 & B 4351 R 0.04 g/mL Fil
0.02 g/mL. ZXIM 32 AE 71 e K T4 AR J& NH-N-6
NH-N-23, NH-N-24, YS-N-5 fl YYL-N-16, i
AEALL R Bk 43 7142 Pseudomonas alloputida Kh7" .
Pseudomonas extremaustralis 14-3", Pseudomonas
gessardii DSM 17152" . Hydrogenophaga palleronii
NBRC 102513" F1 Sutzerimonas frequens DNSP217;
AR 52 BE 1 fe KT #K )2 LI-F-7 F1 JS-F-5, iz
AH L B Ak 43 5] /& Hydrogenophaga carboriunda
YZ2" Hl Pseudomonas umsongensis DSM 166117,
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T)iGeA

4 ETHRRBERFTIEFME 16S rRNA REFIMZNARFELER  ARELET 1000 KEL, 7
SCRBOREASR B RER IO, 3R 0.01 fUREMZITIRAIE 0.01 NI, 73 3K RIS
T AEBATER, 1755 WAL GenBank &35

Figure 4 Phylogenetic tree based on 16S rRNA gene sequences of culturable bacteria from East Dongting
Lake. Bootstrap values based on 1 000 replications are shown at branch nodes. The depth of the color of the
branching points represents the size of the bootstrap value. Bar, 0.01 substitutions per nucleotide position.

The length of branch represents the evolutionary distance. T represents the type strain. The numbers in
brackets represent the GenBank accession numbers.
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Table 4 Index of bacterial diversity isolated from
different sampling sites

Item H Dy E d

1 1.12 1.97 0.54 0.71

2 2.01 3.90 0.72 0.49

3 1.32 2.46 0.55 0.66

4 2.43 4.88 0.82 0.35

5 2.41 4.66 0.79 0.25

1-5 70 UC#E LI, YS, NH, YYL, JS i ffktsh. H: £
FEVEFREL; Dae: FEIEIRE E: WHEREG d: LH
FEFR L

1-5 represent samples of site LJ, YS, NH, YYL, JS,

respectively. H: diversity; Dy, richness; E: evenness; d:
dominance.

3 W54 ®

3.1 iTig

ARSI B ANTE EERET 4 4N, H
TR P ) L e K, ZRAEAT R T (Bacillota)
MR TR, BFFRET TR BT
EERF oA, AR W0 DL R
FEE P ERE T ORISR AN AR A AL
Y oy fg A A h G AR, AT L RBRIK
PRI B, OB RS R R Ak A R R Y. B
WFFE 2, NIR] FRBE AR S M TR 1] 9 L 3 RN
], JEHJE v AT A, IR AT DR
AR MBI AR v AN
Ffild Ak, PTRES RAE AT 7 22 £ R AL A
WA K AR 280 5 22 R,
AL A 2R, AR S HRPTAR S P35 O HLAE T
JE ¥4 7K HR R RGN ) A B IR AR AN B 2 — B
T2k TR 1 AR AT B o i A ke i A v i B AR
A, I HEA A Z R B Iee T, 2
A= W T 0 R RN 2 e ) B A A e TR
PUFF TR 1 TR K b i R E MR —,
S1FZ LS MG A T8 R O, R HE
WA 36 br o 8 0T LR IR 2K 5, LA

=
T

Flavobacteriia
13

Betaproteobacteria

|
—

Temperature

eL]
YS

® NH

®YYL
IS

|
o

RDAZ2 (6.836 040 607 219 6 %)

|
w
r

L 4 1 L L
-1 0 1 2
RDAI (88.359 951 362 14%)

5 TEMRER  HiFERE - EHG,
[ESZ e o % g R M U N E P N P N W
JITRESRREROAE i 7 22, TR G R B S ACSRAS ) A0 40
PR ZEAE , A2 (0 B [ AR R - L R .
S S A3 BN : 1, LI-W-T; 2, LI-W-II; 3, LI-W-III;
4, YS-W-I; 5, YS-W-II; 6, YS-W-III; 7, NH-W-I;
8, NH-W-II; 9, NH-W-III; 10, NH-W-IV; 11,

YYL-W-I;12, YYL-W-1I;13, YYL-W-III; 14, JS-W-I;
15, JS-W-II; 16, JS-W-1II; 17, JS-W-1V; 18,

IS-W-V. A[R] i 3k 23 BIACRA A A9 3R 88 [H -«

Temperature, /& ; Salinity, £HF; TDS, "I
LR ; Conductivity, HLF%; DO, %% ; pH,
Figure 5 Redundant analysis result. The first
principal component is represented horizontally, and
the second principal component is represented
vertically. The percentage in parentheses represents
the sample variance that can be explained by that
principal component. The dark blue dots represent
different bacterial groups, while other colored dots
represent samples of different groups. The sample
numbers were: 1, LI-W-I; 2, LJ-W-II; 3, LI-W-III; 4,
YS-W-I; 5, YS-W-II; 6, YS-W-III; 7, NH-W-I; 8,
NH-W-II; 9, NH-W-III; 10, NH-W-1V; 11, YYL-W-I;
12, YYL-W-II; 13, YL-W-III; 14, JS-W-I; 15,
JS-W-II; 16, JS-W-III; 17, JS-W-1V; 18, JS-W-V.
Different arrows represent different environmental
factors. Temperature: Temperature; Salinity: Salinity;

TDS: Total dissolved solids; Conductivity: Conductivity;
DO: Dissolved oxygen; pH: Acidity and alkalinity.
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AT s e X W 1, HA A rT A
SR W SRS YRR R A AG I A bR 2 — BT K
PRI A DA R R I8 S5 A RN Z e S 25 ) L ]
IRAS R (UL . pH FVE SR A G, MEmFE
YDA R TR 25 A A B R A 284k, DRI AE AR TR EE
FRIAS [ SRAE IX SR = (R A B ) A AR 25 528

TEJE K-, ASBIFSE o0 8 0 A o SR T Tl
MUwa &8 . OhZEFEAT e BT TR B A AT
R R R MEEEGERE, %A
M ETEIRKIREE 12 404, AT ATEAS[R] () R 58
KT AR A PSP (B 23805 1%)
Xt Z A 4| HAUYE, AT LIRS AR B Ab
R[Sy 3 B 20 ARBIF 9 P SRR S K
ZA R RS, PTEE 55 40w 1Y) PR 58 1 1
A DN ZEHIAT TR 8 40 T 22 0 =2 TR A, 4 A
AR, AERNAER T, HAEE, 55
HRIALFEIRAK . BHTRY . RR. B T
PR N4 JE A 2D BT R B AN 4
RUEZHE, T3 10 IR B A2 MK-9 . AR e
BEZH B 3 2005 o AR ML Tl . BRARmE LS . —
R 2 B R R R I S I S S I P S
HINE TR 2 anteiso-Cis.p. i80-Cis:on 180-Cieo s
AT TR R A TR 40 125 ok IR 2 A HACHIRR IR,
FHWEEL o M ARSI . — L AR TR AR Y I AT
i 1 A B R VR IR R,

AR AT AR TR 1Y) 32 L2 1 P A A
WAARID), ER S H 2 3 A 4 SR A A —
25 ARSI POKFEAN L gErp a5 42 Mg,
BANENEAER, KA IR, TR
i 20 MR JE o VIR A DA JEE ) K AR ST AR
Pyh LA 94 BRANTE, RIE T 4 N1 17 4|,
PR A B T TR ZE AT ], iR
A BT # JE (Acinetobacter), HA 5 4@ it
HBI&, KHA 8 MATE, TIBRYHESA 4 1
P B0, BARAHE 5 K R A B R 1 )

(Acidovorax) . - EHE i K5 A 1Y 81 1 JE (Ensifer)
DL SRS [R1 2 BUAE i 1 2 S (B B M T
J& M ZEAAT R B ) S AV S R e B g R — 3, H
JESMA T AHEREIE S5 RAS[A], T R AR TR R R
FEAL BRI G 5558 IR PR R iR AR R 2K
FE, SRH] 16S rRNA FERI A 15 rDNA BRI
) e Bt 73 #r (amplifed ribosomal DNA restriction
analysis, ARDRA)F AR AT HULEW ZFEVES T,
R IR & T AT 1 @ (Flavobacterium, 22.4%)
FIE B TR (11.2%)00) . ASHIF S AR & v 1)
DL T 1B 5 M TR (15.0%) F1 2 S8 AT T8 s
(2.8%), XFAIRESHFFE T RAER . A
Z ARl P T AR A AR R T
TEZS A4 b, S EEEITER MR ERIIA
T 2 W8> I JE 08>V I JE TS AR T A
i Cu®™, Mg*", Mn*", Ni¥ PR R Z,
A Zn® 1) 5 4 J k420 15 77 JL 07 ok 1 BT Ak
b, ALRE SRR S 0 BRAR R A Ok .
AFRAPRAAELLT AR (1) Y+
R, ek ERE M RAEE £ E, i
sy R K2 40 AT, T H 2 BUMAE ) IR S AE:
L NP 1 S N i g g A O E e
T 4T, BT AR EM AR R B A
IR JR B, AT REA — L B S AR AR I RE
R AR T B k. BRI, Rl R AR 724
AR, =M 2R ACEEE J1, AT 2 9
B IER S R I 2 2%, (2) A
SEIG A B VR TR LA, ACh 1.2%, A]
RER LI E R A AR, ARl AR 5R .
SR I R RIS AL . A KT, &l
EEETR . IR, AT E 2 A AN B IR
(3) BEARLIHIWIGAR T 634 BRIA , (A2 (RTS
253 BRANTE A9 16S rRNA £ [H 351 {5 B, il
IKFETESR I DNA SR B, 5 28 T o &
B, (4) FXE RSP E, gt
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i 3 4 FLAT o e T 4 R oM RN 2 5RO SR I
PERITRRE, BEF I8 R A0 7 A BT iR A9 .
32 g

ARSCEG BT R IR O kA B 253 Bk

, SBIET 6 1 42 AN\, IR TEF A T bk
2 BRFIVEAEBTR AR 1 MR ABFIE 7 B 20 TR
TENTKY, TR TR 1(64.4%) « ZF AU
I7(18.6%) . JH £k I 1] (16.2%) Fl L #F 14 1]
(0.8%). HWIKF- I, FERE y-BIBEHN(54.5%)
HZE 14T B N (18.6%) , A A1 45 i 2 T N
(16.2%) . a-ZETEH A (5.1%) . B-ATE I 49(4.7%)
MEFFE(0.8%) . JRAKN L, FEIEHEEM
B TR (46.6%) . Th 2R AT R (7.5%) . BT
11 I8 (6.7 %) F 27 A AT 181 Je (5.1%) o 183k AH 5G4
SR, R IR . BRI
BG40 TR PR i 4 G I R, pHL LR 2
BN, il 80, Ay 30 REA KR ENES
JEBUPE TN 7 MR 2 205 1 v AR 32 T

i BTR, ABFS A BT I WA TR J2E 5 A
ZE N [A] DX IR AN R AR AL s, P 42 875 g
YA T AR RE
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