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R EERBE 20 N4 B REHF s
Jeos X R 0 38 I P2 R AL R SR B
S P EO R DY PRI B I AT R G T
N A BN N KR i e S I < AN €S P
U B i ik A 28 R v 1l 2R 6 0 15405 45 S s e ]
RES: RN AL R G0 2 B0, B SR 2
NN CHEE R RN i S ER S-S 7 RV
NRIE 22 58, 0 0 A 1R 40 i b DNA S0 48 i
AR A 5 Y 23 A A R B O IR | B K B AR
R H A o H IR Lk O PR R A0 R
IM2T 36 PR bk B S e 0B RUR # T s NS A
LR VRN S T s I o || R
Z3 TR

1652 5 4 J@ 15 Y B = 398, B A R K T YL IR
i 7R B ) BE B, H SRR X BR AL RN [ e
(Hfa e, EBfb R LI P E SR Y i
WU 25 5 [ (B ) A ks 0 rh 4 R I AF TR
A DIHBR A d S . S ok W 1e AR R
FE (B E D B i A I 5T R F2 22 A A= )
XoF T 4 SR Y 2R G RN AR SSON  BEIR R T E S R
M SO BE . B G Bk B BUAS AR RO = —
WA TE ZAF B, P AT R AE & L BE s IR (41
Tk L HENE g S He s A 32 07 vk [R] I LA ) E 4 ) [
PEA R AR RE T A L AR W U R B A A G
RO R e, 3R A7 0 5 Ll FH T LR A
P2 0] X B A T S B vy FH o SR AL R A1 5
TAESR AT 47y 35 Bl

P SR TR 2 — 28 3 R A A 0 AR B ) B 22 TG
PER BB A 2R P A & SR Y S SR R Y A
KoL B+ e P Y T GRS B R R A
Wang %% BF 58 & B, 2¢ 6 4 2% 1% B 0 B Pseud o-
monas aeruginosa CW-96-1 78 A3 B, 1] DA
8 PUVE B AL AR BRI 9920 LI B Cd®T . Pra-
manik " % M — # Pseudomonas sp. K32 X
Cd*" \Pb*" Hl As® @ JET 52 . 78 Cd* i T R B
[F 0FN W B BE O HOBE 7 AR AR KR TAA, {2 3 K A
(Oryza sativa) 8 4 4, [ I % 22 B0 9 9 it 5
BRAT S5 I A R A R R T BE . Liu 0
WX & B, W4 Pseudomonas putida RE02 W] 5E 1
TEH =0 (Trifolium repens) HR Br FUAR N, X848 . 8%
FVE 4 Jm o BE T 52 . HLRE A HE A ) K 2 L 4 v 1 T
J1. Mokrani % #f 58 & B, P Bk [ BB T
Pseudomonas azotoformans %F Cd** #l Pb*" A 1R 1%

i 32 V5 HLBESS HT 2 R W0 I i . L Ah 28 T 20 B
AAb T K 5 BROK 22 B AR ER U LU b s &
AP HEAT—5E B PAAE FIE B, 2E 1 AT DL 45
HE LI E S AR S g st
BCAS AT 5 LT B A 1 v 7 B A B I B L O X LR
Ji& HE R W 32 G MRS L B TR ARG X 2 Fh & m A
e T 52 185 P A BB S O G 0 T RR 18 S RE 0 DR iR
Yiie Z AR RIS % .

1 MBE5RFE

1.1 ##
1.1.1 s&Ah AR

2021 4F 8 H W1 M T VG 8K M 5 2 T 21 AR AR B0 IX
(108°36'14" E,21°44'53" N) H R 4E 3 b L EREA , £
P 7K AR 2 S AV BT A e 5 3T VA it 1 2T R B A (] B AL
KA CREARRIBE 5 m)  FEFCRERE R 0.5 m, KA
i B T A%, T AC R 5 .

1.1.2 5%k

(D 4y 8/ i Ak 5 37 5L 2216F WK H; 35 3 (F 1
fen BB Tl el AR W A PR WD s R ISP2 [ AR
Frdk (RO 2.0 g, BE B4R UK 2.0 g, #) 45 bl
2.0 g. £ B K 1 000 mL, i £ 25.0 g, B
g 14.0 o).

(2) T 4 JR T 327 52 30 15 77 3k . S B ISP2 #5397 3L,
BE ¥ 3 (EHE A 10.0 g, 2B F/K 1 000 mL),
Iy % B 7K B 6 400 pg/mL ) CoCl,
ZnS0, .CdSO, , CuSO, . Pb(NO,), fil K,Cr,O, &
W, TC T L IR S Bk B 4 TR B A
1.2 A&

1.2.1 Wk Bt

PRI 2. 0 g IR A FE 55T 20 mL JCER B /K (AR
1% At 20),180 r/min $£ RALHE 30 min J& , i B¢
AL1072 R 107 WREE AR A . B 200 L BRI
FEVR IR AT % 2216E [E AR5 72 £ b, 28°C #5595 7 d. #k
A AR AT UL A 9% AT AR R 3R L 1] SR R S REAE R TE
TEH LA 30% (V/V)Hh-1SP2 1R A W AE R 15 9 51
V5 2 A G 08 TR R T SR A A8 DR T — T0°C UKAH .
1.2.2 16SrRNA KRB R FFe 2 LK F 5

K chelex-100 B A5 P 8 42 BU4H 7 ©9 DNA
YE& PCR Bk , I M4 Walsh 257 505 i % H 47
PCR "1, & 100 )5 51 ¥y 35 S 40 147 38 FH 51 4 27F
M 1492R . PCR B 4%k {5 R 2= JE 40 (i Jr i 00
PHE P4 100 B e W R G L UK R DU A A% S, BB



I, EHVERRACE,EUR ARt P REMEFENESEMIE S

U BLEO A Y H R IR B AT T 4B R A
# BioEdit Sequence Alignment Editor 44 M5 .
FIH EzBioCloud 4 )& (https://www. ezbiocloud.
net/) PEATAE LR HF T 5 3k B IR] R 1 B R B R 4
YERZ R4, 15 -l MEGA 10. 0 %44, % F Neigh-
bor-Joining M & R4 & B # s Boostrap 1 000 K 45
D253 2 %) A A R & TR R 1Y R B8 K B ML AT
G TR
1.2.3 E& BT HE

PAB B ISP2 B BE [l {4 5 37 5 Dy HE Al 55 57 2
Sy ER N 6 4 8 B b o A A U R Dy
100 g/ mL . B 1 M0 TR bk R0 £k T iz 85 95 2 |, 28°C 85
72 5 d WEEH AR DL, IRl sk H A5 2R
1.2.4 WRXENELEBTRKH LA

Al PR 3 s R 10 0 4 R S o D
R ) B /N B R B (Minimum Inhibitory Concentra-
tion, MIC) , BV 7 X 5 <6 J e R A2 e R . 4% X 60
p L G J S b A A VR A A 96 FLAR Y AR 1
*1 BERENELEMIERRNIY

H A 60 pL 2t B ISP2 5% EB(Pb* ") W 1A 1% 35 i
RAEWSEWE 60 pL IRAWES 2 5140, Fim
A 60 pL Bt B ISP2 5 EB(Pb* ) i iR R 37 3 IR &
¥io1)a W 60 pL IR AW E 5 3 5L, LIS HE
WBREH 6N, £ 1 E2H6FIMESEE T
FEAR YA 3 200,1 600,800,400,200 & 100 pg/mL,
57 500 60 pL MK ISP2 8f EB(Pb*" ) Wi 1A K% 37 %k
E A BH AT R, DAAS R B T 19 B 4 R S 7 I T O
B VE A BIPEXT IR, 4L 3 A F 4T, F 22 IRk 4 4
T 12X B MR 1 TR R R BE R &= 24 10° CFU/mlL, 43 5im
A1 EE 7596 Ltk . 28°CHFR 5 d. HE bR X
M2 HODg, 4.
1.2.5 BAkeELEZEREN

R 1202 5 O ik SR B B R ) DNAL X8
& JE T A2 LR BEATH 1Y IR SO B Il 58°C L, S
B ER 1, BUS pL 738 = W AT 120 B 0SB
8 JC HL DK ARG, P R AR AL 6 45 SR T HA B

Tablel Primers for detection of heavy metal tolerance genes in Pseudomonas spp.

1§ 52 & (K]

Tolerance genes

R RRRAE

Phenotypic characteristics

H Y R B
Target fragments (bp)

Sl FH (5'-3")

Primer sequences (5'-3")

F:CGGTCTCTACGAATACCGCTTCAA

copA Copper translocating ATPase R:GAAATAGCTCATTGCCGAGGCGTT 320
. N s . . . F.GTTCACCTTGCTCTTCGCCATGTT

cze/l Cobalt/zinc/cadmium efflux protein R:ACAGGTTGCGGATGAAGGAGATCA 206
chrR Chromium resistance protein FAT%nggég?%ggg&{é/&%%’{:&(’TTA 350
copB Copper binding protein F. TTCCTGCTCGACCAGTTGGAATAC 364

R:GGTTGGTCAACAGGATGTCGTACT

1.2.6 A#MMTELEBTHRMAE

YOI 1 0 25 % 52 K 0 TR R 43 ) B2l & 100 mL
MR ISP2 B 5 Hdh 8 T 28°C L 180 r/min 5 PR 9%
23 d, AN M EE I E K 32 W OD g, 18
T3 OD o 18 ¥ T A2, HJC 1A B8 0 B IR AR 4 38 1
4.8 000 r/min #.0> 10 min, 3% b 5 W& - P8 B R0
VE L, TG K P 3 ¥k, A 0.9% A P Eh K B B IR
Jo BT 4°C UKAS AR AE 14 — 16 b, BV A] 75 24K 1 40
W, B RIE AN A B T 50 mL B4 (X E 3
HF47) .5 000 r/min &0 5 min, WE E R IUIE ., K
It PR A A, P ORI R TR R A
WK, EL R B 7AW E N 400 mg/L,28°C 180 r/
min FER PR E 24 h, UEMATWESEE T
VA VBLAE S XoF B o R~ W A O 135 30 7 o 4 ) B 1

W I T 580 W R 3 0 R RS RE Ty 2 s R RS R =
O PR o TR -~ LA E SR o TR/
25 2 4 A B VR EE X 100 0 5 W B RE ) = IR A
FRX Ot PR T G i o 1% — SCU 2 T 6 R 1k
B /MM T A mg &) /g Wik,

2 HRE5SMH

2.1 OWHRTEPRIEFHBAME

AT PG ERCH 25 J T £ A0 AR DR 9 X g 2R R A
77 BRANTE 38 5T A RN B S T S S R AR S
22 QYL O AT R AL HE T L R 42 BR 4 22 TG B M A
17 16S rRNA FEPI P, 25 I35 23 BRI SR A
IE% HA4 # Neighbour-Joining R4 K & M (K 1),



I ARE,2021 ££,28 %, 5 6 #] Guangxi Sciences,2021,Vol. 28 No.6

Y122
99 pseudomonas rhodesiae CIP 1046647 (AF064459)
65 Y286

100 ' Pseudomonas marginalis ATCC 108447 (AJ308309)
84 Y167
66 Pseudomonas veronii DSM 11331T(JYLL01000074)
100 Y176
99 ! Pseudomonas poae DSM 149367 (JYL101000039)
Y346
100% Pseudomonas lactis DSM 29167 T(JYLO01000038)

57

100, y390

Pseudomonas asplenii ATCC 23835T(LT629777)

Y302
Pseudomonas guariconensis LMG 27394T(FMYX01 000029)
99, Y150
Pseudomonas mosselii CIP 105259T(AF072688)
Y225
Pseudomonas alloputida Kh7T(LT718459)
Y329
88! pseudomonas monteilii NBRC 103158T(BBIS01000088)

Y123

100~ Pseudomonas zhaodongensis NEAU-ST5-21T (RFFM01000015)

69 — Y193
100 100! Pseudomonas balearica DSM 6083T(CP0075] 1)
91 Y177

100 Pseudomonas stutzeri ATCC 17588T(CP00288])
80 Y105
69 Pseudomonas khazarica TBZZT(KX712072)
Y194
Pseudomonas oleovorans subsp. oleovorans DSM ]045T(NIUB01000072)
r Yiis
100 “Y— Pseudomonas guineae LMG 24016T(FOQL01000010)
100, y178
! Pseudomonas linyingensis LYBRD3-7(T) HM246142)
88 Y307
Pseudomonas alcaligenes NBRC 141 59T(BATI0O1000076)
| Y234
100 100" Pseudomonas aeruginosa JICM 5962T(BAMA01000316)
] Y297

75

V' Pseudomonas marincola KMM 3042T(AB30107])
r Y264

55

100! Pseudomonas knackmussii B13T(HG322950)
Pseudomonas gallaeciensis V11 3T(FN995250)

100 Y272
Y336
9

6 ' Pseudomonas pachastrellae CCUG 46540T(MUBC01000081)
0.005

B 1 T HPAEEN 16S rRNA HEEFH N-J] 24 % F

Fig.1 N-J phylogenetic tree of 16S rRNA gene sequence of Pseudomonas in soil

2.2 BENENELEMZTEMMMER

23 RICAPE7E# AR R R4 LAERK A W
T BE7E A 100 pg/mL Cu®' ,Pb*" ,Cr% ,Cd*" ,Co*"
M Zn®" KRk 1R KA IR M B 4 A 16,18, 14,
10,4 F1 15 B S0BHPE 3853 51 2 69.56 %6, 78. 26 %4,
60. 87 % ,43.48% ,17. 39 ¥ 1 65. 22% ., H:H1,Y390,
Y193 F1 Y122 ¥ AR AE 45 H & J8 B R Ak A K
Y123,Y225,Y167 Fl Y150 ¥J7E & Co*" 33t | K
/BT 755 Y286 1 Y336 TS PhYT ORI Crft R R
B bR A RS A AT 48 B R R WL
. W BB R LAROFEERESEA T
b, Cu®* B35 T, Y234 19 1 1R 3 60 Hy v b £ A0
IR B AR, Y272 [V TR AR € RO (0 A8 A 8, FLEA

IR MR T Ph* 7 5537 3L 1, Y234 R Y167 (9B
PRAR SR €, Y272 MBS S TR 5 (] 2)
2.3 BEMMESEMZ 46

MR B A 0 2% SR gk B REE — R A 100
pg/mlL BEA R FRE AR WA 18 #, i —
W BIR A TR TE A 7] 5 4 )8 B v s K 52 W
F 2 2 Al AL AT i 5% 800 pg/mL Pb*" WA 7 #k.
4 BREE X PH*T AU 32 36 M RT3k 1 600 pg/mlL; i %2
Zn”" IR AT 6 K, i 32 Zn® " WRIETE 1 600 pg/
mL DL b Hod A 6 BREE T Ph*T R Zn® " ATt
ZWEE, 0 W Y234, Y123, Y225, Y167, Y346 Fil
Y264, BRIz Ak, b # F /SRR A2 05 R R R 11
PRI HAL Z 48 . Cu®™ LCr*" i Cd* 7 Lt B
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Fig.2 Growth of four strains on heavy metal mediums

A —E T 52 M 3 AT 8 5 A K 2R bR AR SR
Ko AETEERTS G 1 b i AR A A 2l i el A
FI B 0 25 A R 25 F RRAE | A T AR R 3 4% 3 IR 405
JO7 TR 85 o DT 7 A 45 b BIL A G X 45 42 2 A BR
X — R 7S X2 R bR G 22 P R 4 TR R A TS Y i K
wEABE .

XF 23 B AR B M A AT A JE Bt R DR (3R
2 A 3. B i UL 2 copB (21, 74%) L copA
(26.09%) . czcA (13.04%) Fl chrR (4.35%), Hip
copA FlcopB FH SHIBIPLER K. cxcA EH Y
B BRI ES BOHTIE A 56 chrR JED 58 B HEA G,
RO IR P R AE B A R R IR bR K R M 4
JRBUPEFRE AT L AE 9 MR B AR copA FN/BK copB
FEEP WD, A 7 BREHH MIC (Cu®" ) =200
pg/mL, TEARE copA T copB HHH 14 ¥R A
4 #RE Y MIC (Cu®" ) =>200 pg/ml,3 # A MIC
(Cu’") =100 pg/mL. 23 BRI ST P A 3 Ak K I
HoczeA FEH L, H MIC (Zn®" ) =>1 600 pg/ml; H A4y
KK cxcA I BRI B P, MIC (Zn”7 ) =1 600
pg/mL A 3 ¥, A 3 #RW M MIC (Zn*") = 200
pg/ml; 23 A A BRI TR 6 R AR B B v X OR W,
MIC (Cd*" ) <400 pg/mL, MIC (Co*" ) < 100
pg/mL. chrR & ALFE Y302 o 4  5), H MIC

(Cr°") =100 pg/mL, HAA KK M H chrR He DY 1A
R A 13 BRI A Cr*" A — E WY T 32 4, H MIC
(Cr®") =100-200 pg/mL,

®2 BHEEMENESEMZEN

Table 2 Heavy metal tolerance activity of 18 Pseudomonas

spp. strains

4R Y /M

e if 5% 1 i %

Stﬂiﬁs Heavy metal MICs (pg/mL) ”Ti{)lygfrfcie "Ti{)ly;r%n:a
Cu?t PRET Ot cd?t zn?t phenotype genes

Y105 200 800 100 - 100 Pb copA

Y302 200 800 100 400 200 Pb copB.chrR

Y118 100 200 - 100 100 copB

Y234 400 800 100 100 3200 Pb.Zn copB.czcA

Y123 400 1600 200 - 1600 Pb,Zn

Y178 200 400 200 100 100

Y225 200 800 200 200 1600 Pb.Zn czcA

Y167 100 800 - - 1 600 Pb.Zn

Y307 100 1600 - - - Pb copA

Y297 200 800 100 100 100 Pb copAscopB

Y272 200 400 100 - - copA

Y150 200 1600 200 100 200 Pb copA.copB

Y194 200 400 200 - 100

Y346 - 1600 100 400 3200 Pb.Zn

Y329 100 200 100 - 100

Y176 - 200 100 100 -

Y177 100 200 - - 200

Y264 200 800 100 200 >3200 Pb.Zn  copA.czcA

T = R A 0 4 2R WOR AT I
Note:" =" was not determined according to the preliminary screening

results
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3456 7 8 91011 34567 8 91011

copA copB

czcA chrR

1-11 B LR K FE/R Marker, Y105.Y302,Y118.Y234,Y225,Y307.Y297,Y272,Y150 F1 Y264, 7 & Marker $§ 77 M I &

T~ 2 000,1 000,750,500,250 A1 100 bp

Hole 1 — 11 represent Marker, Y105,Y302,Y118,Y234,Y225,Y307,Y297,Y272,Y150 and Y264 in sequence. Seven Marker
bands represent 2 000,1 000,750,500,250 and 100 bp from top to bottom
P 3 i 4 e 0k 5 DN Y Bt B A U5 e v VK 14

Fig. 3 Agarose gel electrophoresis of heavy metal tolerance genes

2.4 BHMNESESFHIWRHEE

BEBE 11 BRXT 5 A/ i B A Tif 32 28 i A9 fi 20 i o
AT W B A U, 7 HE BR BT 5 A A = 0 T 3 52
22 )5 ARAT 5 Bk W Pb?T R /B Zn® " i B R (1A
4y, Hob MR HE Y O Y234>Y346>Y123>
Y264>> Y225, # W [ 68 1 HE P b Y346 > Y234 >
Y123>> Y225 > Y264 ; B () W B HE P o Y123 >
Y264 > Y234 > Y225 > Y346, &% W [t fE 1 HE ¥ N
Y123>Y234>Y264>>Y225>>Y346, H 4 6 Hk itk
XFE & Ph?T /8 Zn®" W I3 AR TG A B AR T (%
BEERITE 1026 LAR ) . WBERE T J2 48 A8 W AR 1 % B
L 7E A TR B TR R T R R . Y346 X T Y IR B R AR Ok,
LU BRERE 7 B g 5 Y123 X B Y W B o A K L R B R
He fe o LW B RE T R

3 itig

ZL R AR A T A s 2 A I AL R A T R R
A BEACH AR 5, TR G AR SRS A IR AR Y T
I, 3 5 A L U0 R AR AT D BIL R Ok B N R ER R L AN dh
R8s A ) AL A SR O U SR R T L XL L R
(RN L RN T OR AN T SRCR E
S IR Y A SR AR 2 g SOHG Bl A W L R Y A
Wbk B ST R LV AR 3 R 1 LR AR AR
DX P9 b A S E S 2 AR R AR AT 23 BR BRI R
Hh A 18 ki b /e Z M & @B IR 4 AR KL 11 Bk
TR YA/ BB A A2 M 3L 5 R R A A/ BURE Y
MK BA RE 7 2% 4

= 60.00 % Fff fE 1 Absorption capacity F100

3 e [ [ 28 Adsorption rate .,
~0 E X
2= 50.004 75.20% 72.95% | 80 <
"o =
o £ 40.004 57.69% 57520, =
2 160 3
4= 30.00 £
o 2 s
R 1784 20.76 |40 2
R & 20004 52 15,10 14.84 2
o 8 L1235 ; o]
qm - L
Z 5 10.007 20 =
X2 =

S 0.00 : . . ; 0

° Y234 Y123 Y264 Y225 Y346

< B bkStrains

()&% W% Btk flEAdsorption property of Lead

~ % Fff 68 11 Absorption capacity

8 60.00 wetpm I [ff KAdsorption rate F100
&éﬁ 50.00 82380 75 88% <

< . 1 . 0

3 F80 &
=Y 69.26% 64.63% 2
2 =040.00 =
E 2 r60 .2
€= 30001 39.55% B
£3 20.79 H40 2
R & 20009 1585 = 47 Z
o - 1042 958 |,y %
= 2 - . 20
& £ 10.007 ™ &
XE =

5 0.00 E J T ¥

z Y234 Y123 Y264 Y225 Y346

<

i BkStrains
(b)Y Mt #EfEAdsorption property of zine

P4 5 Bk 2 i 1 TR B Y R R B
Fig. 4 Adsorption properties of five indigenous active strains

T 52 e DRASL 00 950 20 TR AR A D) o 6 s T 52
ARHAE R T 4 R A R AR D ACHE AR R kR
W copA B copB HEF B H AR Y307 Fl Y118, Hoxf
A BT 52 R AR 100 g/ mLs B4R A I 1 cxc A Kk
FIRD TR A X R R Al TR 32 PR 2 . SRR, AT RE S AR
RBERAFTT AR T A ) R R 2 TR Y ) 2
B0 208 3 R B R A AN R R O IR R
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pH TR A 15 9% S 3 W8 14 168 1 790 260, B0 ik
H ) T SR R DR A DT i 2 6 B A v 1) T 4 R it A2
PE . SR, &6 50 B ik B AR R A T A7 SR 1A H 2 7E
4 HE IR DA RO AR i T 22 05 L 40 Y123 AN
Y346 , Hiiiif 57 5 P AT GE A7 7E T 4 i Bk

W B e ) SE G L A 5 MR AR B B R B R AT Y
FEAN/ BRE W BFE R B TR/ BRE G I B SR A ] R
44.15% — 75.20 % F1 39. 55% — 82.38% , W% [f} fig
435k 12.35 — 20.76 mg 4 J@/g B K 9.58 —
20.79 mg &)@ /g W, o, MR MR Y234
LA AR i 1% 5 4 T W RE 7 L X 5 1 2 4R E B A e —
g (B A SOR L, B e R T
NBE, 5 B Z E 25 1t Ko iR 97 48 B &, R e sk LA
TN HTBEESRIG RN, E 4R g
TR 2 3 o [P Bl R ) R e D
& R B AT R i AR R WL 32 A 40 R
BRSO A A A PR RS R I A it e
L JRERKEXT 4 BRI R BE 1 A 0 R R T R 4 A
HL - B T 0L 2% 8 B b 2T A R e XA 5 o B, DA
FTIHAE FVLEL, O T A b I SR AE B 4 8 TS e A T
it 4%

4 £

TR 2 R i 2R AR DR A XN B R R
L TR R U LS 40 DA AR 0 4 Sz v M . L
WL PR Y234.Y123,Y264,Y225 Fl Y346 Xt 5 4 @
BEFN /B F I BT 0 R B R M L E I A A R I
B S A P I A B T B AR ) .

&k
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Study on Heavy Metal Tolerance Activity of Pseudomonas Spe-

cies Isolated from Mangrove Soil

LI Fei' , LI Zhe* , HUANG Shushi®,SU Xinying', QIN Xianling'

(1. Guangxi Key Laboratory of Maine Environmental Science,Guangxi Academy of Sciences,Nanning,Guangxi,530007,China;

2. Guangxi Key Laboratory of Marine Natural Products and Combinatorial Biosynethesis Chemistry, Guangxi Academy of Sci-

ences » Nanning » Guangxi, 530007, China)

Abstract: The purpose of this study was to investigate Pseudomonas species collected from the Maoweihai

natural reserve of mangrove in Qinzhou, Guangxi,and screen the heavy metal tolerance activity from these

strains. It was intended to obtain the strains that can effectively repair the environment polluted by heavy

metals. The culturable Pseudomonas species in mangrove soil were analyzed by traditional dilution coating
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method and phylogenetic analysis based on 16S rRNA gene sequences. The tolerance characteristics of six
heavy metals were screened by broth dilution method. Tolerance genes were detected,and the heavy metal ad-
sorption properties of heavy metal tolerant strains were further tested. The results showed that a total of 23
Pseudomonas strains were obtained from mangrove soil. Among them,18 strains showed the tolerance activi-
ty to at least one heavy metal,with the total positive rate of 78.26 %. The heavy metal tolerance genes were
detected in genomic DNAs of 10 strains. Among the 11 strains with significant tolerance to lead and / or
zinc, Y234,Y123,Y264,Y225 and Y346 had significant adsorption properties,and the adsorption rates of lead
and / or zinc were more than 50 %. There are abundant culturable Pseudomonas species in the soil of Mao-
weihai Mangrove Reserve in Qinzhou,Guangxi. The heavy metal tolerance activities of these strains are sig-
nificant, which has great potential for exploitation.

Key words: mangroves in Guangxi,soil, Pseudomonas species,heavy metal,tolerant bacteria,resistance genes
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