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Abstract

[Objective]: Isolation and phylogenetic analysis of Pb2+ and Cd?2+ tolerance strains from Gejiu min-
ing soil of Yunnan. [Methods]: Microbial strains and their tolerance heavy metals of Cd2+ and Pb2+
by using the plate separation method, Phylogenetic analysis of Cd2* and Pb2* Tolerance strains
based on 16SrDNA and ITS gene sequence. [Results]: 57 strains of Cd?* tolerant microorganisms
were isolated by using three media, including 39 bacteria, 18 fungi; 161 strains of PbZ* tolerant
microorganisms were isolated, including 121 bacteria, 48 bacteria. The tolerance of 178 strains of
bacteria to 100 mg/L Cd?* and 2000 mg/L Pb2+ were 28.9% and 32.2% respectively. The tolerance
of fungi to 1000 mg/L Cd?+* was 27.6%, and the tolerance of fungi to different concentrations of
Pd2+ was 25.0%. The tolerance of strains to PbZ+ was significantly better than that of Cd2*. Through
phylogenetic analysis of 16SrDNA and ITS gene sequence, it confirmed S73-1 strain as Enterobac-
ter, S156-1 as Acinetobacter and 1S73-1 as Rhizopus.
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[BH]: BEXN A METY X B DT L3RR, ik i cdz«MPb2z+ B #k I B H cdz+ RIPb2+fit
ZHRITIEM R RERE M. [FiE]: RAPREHTHREDERS BMCdz. P2 LA,
T 16SrDNARIITSFFIXT TN 32 Cd2+FPb+ kAT RA R E . [ER]: HiFERINELRE A2 HEY
57%, HP4iE39%k, EHE 18tk WELSEPb»RIEM 1618k, HP 41214k, EEH408k. X178k
BRI 2R KRB, 7100 mg/L CA2+¥RERI2000 mg/L Pb2IRE Tt R, 1£28.9%M
32.2%, EFEF1000 mg/L CA2IRET 2T, £27.6%, EEENFPA2IRELE T 2R
H—BN25.0%. BN P2 T 521t B B 1F T-Cd2+. Bid16SIDNAFITSFEFIM RLE R B4, 2%
ES73-1E ¥ JB T it B )& (Enterobacter) i, S156-1 37341 H )& (Acinetobacter)4l, 1S73-14
MR8 (Rhizopus) B .
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1. 518

ZEANETRREA LW G , RAESRICENT W RES —T2E0DE. mTKEFR A
LB, FEWTIX LIRS B PR E A . FRERSF LA O IX IR I Ph B TR . B
T [2)5 W FA IAA XA & LI E 4 8 1) RARTTER, 45 R R IES) X 58 BT T N
Pb>Zn>As>Cu>Cd>Cr>Hg, Pb. Cd. As. Zn. Cu 5§ iEshk 2% Y], #kiEshX Pb. Cd.
As I e EARRIR i RUE o AR N 58 [B1E W 78 Hh R AN IH/E ) i R B 4% Pby Zn, Cu. Cd.
As S EH T (HERE R ERUE)  (GB15618-1995) 2 bri; KIGHEZE[4] [BIWFFRKRIL, WX
¥ FKREEY A ES)E Ph. Cd 1 As BUAS H, X AR FEAEAE TS 7 (10 {5 XU o A2 B L A
XA PRI T 24 M ) A A 38, R 1) T 4 J8 5 et 2 b 5 B AR v R ok ok, T8
X HEESBSRAGHE, OB TZABRENME . MAEBE AR E S RS Y7 R E R
KIEFE . AREA . B RIGRETT IS, BAAEKIN AT 5[6]. DUtk R ae o im i w1 E
W Bt AR TR AL S 22 P OT k> B B TS Y, JUHE A TR BRI UK FE BRI AR 8 B 5 G . DAL,
A EXHE TR ST CA* R PO BikE, B FCERZRILPL CA™ M PO* AL, x4 FH 39K 58 o o 4 R 5 4 10
EHEEA —E B E [7] [8] [9] [10]. H IEAF[1LIFENT 5t = NIRRT X AT 15 R4 0 2 FEVE L B 5 )R
PUIERS AW, AN A X LIRS R I A 22 R, T B S B A DIBER KA, S
A K Cd™ M PO i 32 B kk, FEx Cd* Rl Po** B i et slaE it . Rk, iR = N ETT X
ZEERIG YRR OREE, B Atk BT A2 CA* M P bk, B SN RERE O, TR
i 52 Cd®* 1 Po® B ARASME, B 75 ks SR A e B - 48 vp o6 4 V5 Yo d (13 al
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2. M55 %
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BB R IR A T 2 A X AL Wi Cd® M Ph* ik RIE SR IRk AR R
WE FRARRR R EE[12]. AERA SR FERIFRIE[12]. MELE R &R — SR RE[12].

2.2. R7E

221 EHASE. dhik

FRECE 12338 25 g B TR 225 ml K B K FIBEEER 00 = A b, £ 5% 180 r/min HRE K _E4R% 30 min,
H15 AR, ARG I HKEAT 6 (R R RE . B 1 ml 107°~107° Fke B () R B A AR, T 28°C
B3R, BRMEEIF LR SRR AL LI KL R . 7~30 d JE Bkt Hh 0 1 RV B2 1) T
BERP BN B IR AL b, BB T 26°CIE LR FR A s IR Ak 3~4 K.

2.2.2. WESE Cd™'HM P> EHkAITHIE
W AL T I T bR S Cd? R PO 4 100 mg/L. 500 mg/L. 1000 mg/L. 2000 mg/L IR 1% 5%
B EWSENAERKE S LAEKERE, RHEE 3 K.

223 MEER Cd”fM P BHMESNESEE

3 T AT A T A LT 20 TR A B A AL AR R R AN S R R IR AR b e, 28°C IR 10 d,
WUERBTE A o T H T B 428 CA> M PO® B Ak I% 1ifg A AR LR BRAFIMF o #4551 E47T Blast
FEA o3 M, W58 & WKL G0 ZARME . fEEH MEGA 5.2 ARG K B M.

2.3. RS

SEIG K FH Excel 2013 43477, A SPSS 20.0 #E4T BRI 2K 77 % 43 HT(ANOVA) Al Duncan 165 % & Lk
(P <0.05), 455U EbREZERIR,

3. BZRE5 4R
3.1. TEERE Cd* M P> BB FiE

20 3ok [ A 97 3k K 22 R I i AN R ZR AN S, L0773k B 2 428 C™* B 57 Bk, H b giTE 39 H,
FLH 18 bk, TRLRTE O Wk: M E 4R PO A 161 #k, FrP4HTE 121 ¥k, EUHE 40 Bk, R O #k. i
1 BcdEe] DL, RS RE FR IO 40 B R EL R 52 Cd®t A PR RIYR BEHIIA $) 2000 mg/L. H A HE B PR R
P ZE 5, B () AT 0, 4B AE AR CA™ e N A2 PR L H 100 mo/L Kb FRER 4T 1% 28.9%, H KA 2000
mg/L &b PN 27.1%, Zi T ES TR [ARIE R E ZE S BRI HETE 1000 mo/L AR T 5
UFIA 27.6%, %N 2000 mg/L 4bFEA 23.8%, 277 Z /3 HiHAN G EEARIE W 225 . B 1(b)rT WL, 415
FEAR[E] PA? IR B T R Z AR, % 4bFEZEI /9 2000 mg/L > 100 mg/L > 500 mg/L > 1000 mg/L, £
7 TR AE 2000 mo/L A3 R i 327 5 100 mo/L AbFRRL B 2R, 5500 mg/L F1 1000 mg/L
ROFRIL 5 75 AR PA* W EEAEE TR 32 M RO — 80N 25.0%. SRV, 7 X HEEK
Wiz RIS LT, . EE N E A8 CdP R PhZ A TR R BT .

3.2. MEERE Cd M Pb EHRIFSUE

321 WMEER Cd BAHKESHE
M 396 H (0 BT A T Ak P e LRI 52 Cd A4 iR 12E AT T AS L2, i 4H 14 09 100 mg/L AR 2R, 45 04 S73-1.
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Figure 1. The percentage of Cd®* and Pb?" -tolerance strains

1. [ Cd*Fn Pb® iR EE FERRAOMT 214

Figure 2. Colony morphology of S73-1 strains
2. S73-1 WM ETEES

3.2.2. HEERE P BHESUE

G 39 H (0 BT AT T A 3 B 34 A 1) — PR A1 1 (G 5 S156-1) A — MR LB (G 5 1S73-1) i AT TS S
el 3 RIAL, e R IR AR R TR AS SORFIE, SRR RN R, TE R, EEIE, REDLES
S YL R AN B Y (S R, DA O S BRI, 8 DL S, e R, EHEE

WP 4 R, G IR B VA TS AR, RVE O BRI BTGB AR, RS R R K
AT R AR, AR EEKB G, B A SR O BUIR ] DY 5 2R BT AR, B
RS OB E ST IR, 2~4 BRECGR, SERXA, AR ASSE, 266, T 264
e, HIER. KAA—8. A8 RIS % 1 5 IR 58 R A U =

DOI: 10.12677/aep.2019.93059 426 IS RI R


https://doi.org/10.12677/aep.2019.93059

PeoR3E 55

Figure 3. Colony morphology of 1S73-1 strains
[ 3. S156-1 MHREIER A

Figure 4. Colony morphology of S156-1 strain
4.1S73-1 EIHKETER S

3.3. fif Cd 1 Pb E#kAY 16SrDNA F0 ITS FEFIS#h

m P 5 &N, AIIAE T CA® MR S73-1 f 16SIDNA 341142y 1503 bp. K2l 545 21 (7 513k 47
Blast 5 414> 41, S73-1 i ¥k J& T 1T i# & (Enterobacter),, [A1J5 14:1% 5] 99% . % i Ph* 41 i 1S73-1 1) 16STDNA
BRI S156-1 1TS Y4 G FIII 5, 53] S156-1 HI4 844K B2 04 1359 bp, 1S73-1 14 144K &£y 604 bp,
B 25 SR 34T BLAST 7ELR 0T LL, 45 RF Y5 S156-1 (118 #k-5 A 5hFF B J& (Acinetobacter pittii) it 4= 4%
FITFIYEPE A 100%. FRAR 1S73-1 5 L &5 R 38 B 5 4R 2 )@ (Rhizopus) ¥ [R5 144 100%.
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Figure 5. PCR results of S73-1, I1S73-1 and S156-1 16S rDNA and ITS gene sequences
5.S873-1, 1S73-1 %1 S156-1 16S rDNA #0 ITS £ & /F% PCR &R
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3.4. it Cd #1 Pb BRI RZ L B O

H S73-1 F11S73-1 ) 16SrDNA 1 S156-1 [ ITS P8I R G R B Bt A7E— 25 1Rl 8 %5 (X 6).
SRR IABE MR S73-1 TERGUK B W LA DL 4 J9 % FF B & (Enterobacter), Witk S73-1 5 & K
(Enterobacter ludwigii strain LY-62)7E R G b FAb T A —2 3, JEHIFEVRTEIL 99%. Btk S156-1 7E &
gi kBRI BB R (Acinetobacter pittii), Btk S156-1 5 [ KA B 7E RS B4 T ]
=533, JRAIEETEIS 100%. Wik 1S73-1 7£ R 40K B W X4 B %5 J& (Rhizopus), Bk 1S73-1 52KAR
%5 18 (Hizopus oryzae) 7t 2 guift (W Eab TRl —42r 32, P4 RIEMEA ] 100%.

Ac inetobacter pitti strain SF6(KY855377.1)

Ac inetobacter calcoacticus strain JHI(K'Y501226.1)
Ac inetobacter calcoacticus strain JH5(KY501222.1)
Ac inetobacter calcoacticus strain JH2(KY501220.1)
Ac inetobacter sp. strain IAUK3206(MG597205.1)
Ac inetobacter sp. strain AL255(MG819290.1)

S1 56-1

Ac inetobacter sp.s strain AL252(MG819293.1)

Ac inetobacter pittii strain FA-6(MG818963.1)

Ac inetobacter sp. strain 4-2-2(MF276771.1)
Enterobacter cloacae strain AA4(KX81726.1)

S73-1

Pantoea agglomerans strain ChDC_YP1(Ay691543.1)
Enterobacter ludwigii strain LY-62(KU867644.1)
Uncultured Pantoea sp. clone CHINA16(GU563755.1)
Enterbacter ludwigii strain LY-62(KU867644.1)
Rhizopus oryzae strain 783018(GU594768.1)
Uncultured organism clone ciidir1005 HO8(JN60593.1)
Rhizopus oryzae strain UWFP 846(AY213685.1)
1S73-1

— Rhizopus sp. BAB-4277(KM401403.1)
Uncultured fungus clone CMHO004(KF800095.1)
Rhizopus oryzae isolate SPL16040(KY606248.1)
Rhizopus oryzae isolate SPL16039(KY606247.1)
Rhizopus oryzae isolate genes(LC17754.1)
Rhizopus oryzae isolate SPL15052(KY606246.1)
Enterbacter cloacae strain AA4(CP018785.1)

—_—
0.20

Figure 6. Phylogenetic tree of 16SrDNA and ITS gene sequence of S73-1, 1S73-1, S156-1
6.S73-1. S156-1 A 1S73-1 A 16SrDNA #1 ITS HEEFFIE G 4 BN

4. R S54L

ARIE L N FA AT X 2 B A wT5 g LI AT 4R Cd 1 Pb Sl B iE, IRikss
)i B4 JB Col®* T P40 T A1 2L B i 52 PE 24735 51) 20,000 mg/L WAL FR,  JRCZR B8 AR 52 £ T 100 mg/L
WA . ULHIANIEE X IR K2 4 RS Y s L N, AN A X E A8 Cd* A PP R —
B, DRk B 4 Ja v Gt A i 338 A= P R B B A AR AL IR e A 2 BRI [13] [14] [15], RTERAEAI
SRR AESRAR, LUERN 4 RI5 e TR Es . TAE Cd®* Ml Pb* i ly 2000 mg/L 451 F, KR40
BRI 2 T OB, I U W 4N s AR AR T A2 MR T R . IR AR R4S R S Tk EE S5 16]
HRIE M 10 mg/kg HIEHRANEE . LR AR IR AE B NN > R R AT . AT R RE S
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e MR R, W RE I v E 4R Cd A1 Pb M BEEE 1 AN IHAT X 338 b )T 2 B 0T #E 42 J8 Cd Al P 5%
K52, BRtz SBaT e FON X A PAETE TR R B B>, RAEIIRE k. T B AL[4]5
FERIF 5T 2 ST T8 4 (A T P S5t v A 34 31 45 mmol/L, i LA Wk B AR T S MEAR 59, 24 Cd® Ry
100 mg/L B, iR B oA K o BATTR ISR B AN IHFT X (91 52 Ph (05 AE VI B R B2 T 52 Cd 1R AR S
KGR 71ZE 0 VR I PR R AR A A P AR A0 B 1 R 4 R T 32 R BUARALL, A AT TR0 45 SR B oR BB 52 PR
(B R A 5 2 T 32 C™ AT AR 2R

AR R M 4 5 G 1) E 39 rp i 19 2 (0 AR DR AE 52 R & S T I 08, 3000 20 R i HE 11
AR, )8 K& UL LA, T REE LR iR 3 ARkiMZEY), b 1 ki Cd 405 S73-1, 1 #kfiif Pb
4HTE S156-1, 1 Bk Pb B 1S73-1. £ %% S73-1 Wik T W4T B & (Enterobacter) 4H &, S156-1 A
1 J& (Acinetobacter) 4 i , 1S73-1 AR %% )& (Rhizopus) & # . H Aiib A& & I L3 %52 B T RS04
JE AR B B N B 4 B R, (B R T HARB IR B IR 2 . W A7 R [18] 55 MRAT R KA AN S 56 PR
Tt g 3t —Fhii 52 P® BB, %R RIS T AT 5 8 (Enterobacter) . 3% 7t el [19] AR [X -3 b 43 B 7
B —HRIH CA* kR, T CA™ ¥R A 2 mmol/L, 4% 5 NS #T 1% (Enterobacter aerogenes). 4475 5 [20]
MEE DX 4TS G i -3 oy B AR A3 3 2 Mont Cd™ AR i S M A T bk, o — Rt Cd® iy dee it
R BEIR E) 1800 mg/L, £ 16SrDNA il 74 & i A B J& T KW #F 15 J& (Enterobacter sp.). AR SEER 22 ik
Y RYLT B E 48 Cd Al P flA:d, IR E &8T5 Y TR AR I ik

BRI AV 45 1Y T AT (Enterobacter) i J& Ak X CA* i 320, AEhAT # )& (Acinetobacter) A1 i 25 &
(Rhizopus)Xit Pb?* BAT TN 321, A GERF U E X HE EEJEE G A, l—FEL R ELTHEAR
Gxif, Rk, A5 AT DA S AR AT B AR R AT e TR I B 2 I B A S AR A i ) 4
&, I — R IAREEE 2 A R TS e IR O T Bk

EEWA
=B HE T (2016ZDX138), = 7 & BH% T 1 H (2016FD089), £L3 2 5 #2415 H (Y YKC181005) .
SE K
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