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Background

Environmental Copper pollution of the

contamination by environment destroys natural
copper ecosystems. The particular

sources of copper
contamination are industrial

wastewater, metal mines, and
tailing sites

T he aim of the work was:

-to predict theoretically and*confirm experimentally the
possibility of microorganisms to'grow at the presence of Cu(ll)
at high concentrations (up to 1.0 M);

- to determine the main pathways of microbial interaction with

toxic Cu(ll) compounds;
to 1solate industrially promising copper resistant strains

from natural ecosystems and determine their taxonomic
position.




Environmental Pollution by Copper
Coer mines as a sources of toxic copper compounds contamination

=Cerro Verde mine in Peru \_f;;.,, -
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Outline of The Presentation

The characterization of theoretically positions
of thermodynamic prognosis of the interaction
of microorganisms with copper(ll) compounds;

The experimental confirmation of capability of
microorganisms to grow at the presence of
Cu(ll) at high concentrations (up to 1.0 M);

Determination of taxonomic position and
genome sequencing of super resistant to Cu(ll)
microorganisms;

The specific copper resistant genes screening in
genomes of Isolated strains.

The experimental confirmation of mechanisms
of microbial interaction with Cu(ll);



Thermodynamic Prognosis of Microbial Interaction with Cu(ll)
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Thermodynamic confirmation of possibility of 7

microbial grows at super high Cu?* concentrations

The value of the standard redox potential Cu?* (E,") is located in the zone of
thermodynamic stability of water (from - 414 to + 814 mV) in the range of
concentrations from 1-108 to 1,0 M/L

Eh, mV 2Cu’* + H,O + 2e = Cu,O0 + 2H"

+600

+400 |

/#

+200

01@
Cu2+
1-108 1-10 1- 104 1- 102 (1,0) M/L
0,00063540 0,063540 6,3540 635,40 (63540 ppm.

Changing the RedOx Potential in The Range of Concentration of Cu(ll) from 1-10-%to 1.0 M/L
So we made an attempt to isolate super resistant to Cu?* microorganisms



Active transport of metals inside microorganisms due to
stereochemical analogy of toxic metals
and macroelements (Mg**, K*, NH,* etc.)

In this case stereochemical analogy — is the proximity of ion radii
of Mg?* and Cu?* (is about 0,075 nm)

We expect that microbial transport systems will “mistake”
and transport Cu?* inside cells together with Mg?*

Macroelements lon Radii, nm
' 0,12 __0,

14 _—_0,16
N L =+




Experimental confirmation of
Thermodynamic Prognosis
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Growth and isolation of super resistant to Cu®*
strains

Isolation of Cu?* resistant Strains

Bacterial films

1 M/L Cu?*
- (63540 ppm Cu?*)

”

Liquid Medium 5000 ppm Cu?*




Experimental confirmation of types of microbial
interaction with Cu?*

Accumulation of
Cu?* in colonies

Reduction of
Cu?*in colonies

—

to insoluble Cu,O|
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Reduction of Cu?* to insoluble Copper(I) Oxide by
UKR4

2500 ppm Cu?* g &0
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Taxonomic Position of Super Resistant to Copper(Il) Microorganisms 12

, IJ—NR_115526.1 Bacillus cereus IAM 12605 16S MPC [Cu2+] = 63 546 ppm = 1 M/L

—J() l NR 157734.1 Bacillus paramycoides MCCC 1A04098

NR 036880.1 Bacillus mycoides 273

(S
(5]

- NR 113996.1 Bacillus mycoides NBRC 101238
100

Bacillus mycoides Cop102

100 66 ' NR 113990.1 Bacillus mycoides NBRC .
- ' Ecuador, soil

\—— Bacillus mycoides Cop102

NR 116873.1:315-1394 Bacillus megaterium ATCC 14581
40 \

U NR 117473.1:318-1459 Bacillus megaterium ATCC 14581
93

UNR_043401.1:311-1452 Bacillus megaterium IAM 13418 I BaCIII}IS megaterlm C0p99
83

Bacillus megaterium Cop99 Ukralne’ «OptymIStyChna» cave, Clay
NR 112636.1:311-1452 Bacillus megaterium NBRC 15308 ATCC 14581

|_ NR 116022.1 Bacillus_amyloliquefaciens BCRC 11601
| NR 112685.1 Bacillus amyloliquefaciens NBRC 15535

‘ | NR 075005.2 Bacillus velezensis FZB42

E Bacillus velezensis Cop4l

Bacillus velezensis Cop41l
o L— NR 116240.1 Bacillus velezensis CBMB205 Ukraine, soil

34

o0

| NR_113994.1 Bacillus vallismortis NBRC 101236

NR 024696.1 Bacillus vallismortis DSM 11031

NR _102783.2 Bacillus subtilis subsp. subtilis 168

0.010




Taxonomic Position of Super Resistant to Copper(I1) Strain from Dead Sea
MPC [Cu?*] =63 546 ppm =1 M/L

2 | NR _074999.2 Staphylococcus saprophyticus subsp. saprophyticus ATCC 15305
29 L NR 113350.1 Staphylococcus xylosus JCM 2418

97 | NR _036907.1 Staphylococcus xylosus KL 162

NR_036903.1 Staphylococcus gallinarum VIII1

—— Staphylococcus succinus Cop98 |

24 % ; ; it Rh® Sehedis
| g _’— NR_037053.1 Staphylococcus succinus subsp. casei SB72

97 I NR_028667.1 Staphylococcus succinus subsp. succinus AMG-D1

50 I— NR 041926.1 Staphylococcus equorum subsp. linens RP29

100 L NR 027520.1 Staphylococcus equorum PA 231

a NR _037046.1 Staphylococcus cohnii subsp. urealyticus CK27

97 —— NR 036902.1 Staphylococcus cohnii GH 137

— NR 024667.1 Staphylococcus kloosii ATCC 43959

—— NR 043146.1 Staphylococcus simiae CCM 7213

NR 118997.2 Staphylococcus aureus ATCC 12600
100 |
|_| NR _115606.1 Staphylococcus aureus ATCC 12600
81

100 | NR 113956.1 Staphylococcus aureus NBRC 100910

NR 117473.1:3181459 Bacillus megaterium ATCC 14581

13

Staphylococcus succinus Cop98




Taxonomic Position of Super Resistant to Copper(I1) Strain from

14

«Atlantida» cave s — NR_119362.1 Pantoea ananatis LMG 2665
MPC [Cu?*] = 2400 ppm

81 NR_026045.1 Pantoea ananatis 1846

NR 116749.1 Pantoea anthophila LMG2558
61

1

1 |NR_116113_1 Pantoea anthophila LMG 2558

=%

32 _[— NR 116748.1 Pantoea brenneri LMG 5343

70t NR 1162471 Pantoea conspicua LMG 24534

5 |l NR 116115.1 Pantoea vagans LMG 24199

Pantoea agglomerans Copl01

NR 116751.1 Pantoea agglomerans LMG 1286
9 65

NR 041978.1 Pantoea agglomerans DSM 3493

NR 1147351 Pantoea agglomerans NCTC9381

43

NR _114505.1 Pantoea agglomerans ATCC 27155

— NR 1167521 Pantoea septica LMG 5345

NR 118121.1 Pantoea rwandensis LMG 26275

F1972536.1 Pseudomonas fluorescens NOT

0.020

86 NR 1141111 Pantoea asglomerans NBRC 102470
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Taxonomic Position of Super Resistant to Copper(Il) Microorganisms

NR 156987.1 Pseudomonas paralactis strain DSM 29164
Pseudomonas fluorescens

2806958577 Pseudomonas sp. UKR1

KP756925.1 Pseudomonas lactis strain WS 4997

NR 156986.1 Pseudomonas lactis strain DSM 29167

KP756926.1 Pseudomonas lactis strain WS 5000

924 Pseudomonas cedrina

8| Pseudomonas mucidolens
T
o0 | Pseudomonas synxantha

2806962685 Pseudomonas sp. UKR2

66103l KX 187317.1 Pseudomonas panacis strain KP02

- KX187322.1 Pseudomonas panacis strain NU0O3

83| Pseudomonas proteolytica
5| Pseudomonas chlororaphis

2806975712 Pseudomonas sp. UKR4

2806967136 Pseudomonas sp. UKR3

79 AB494444.1 Pseudomonas veronii strain nBP3

— AB021411.1 Pseudomonas veronii strain CIP 104663

AB494443.1 Pseudomonas veronii strain nBP2

AB494445.1 Pseudomonas veronii strain nBP5

0.05

| MPC [Cu?*] = 63 546 ppm = 1 M/L

Pseudomonas lactis UKR1
Genome accession number

VW XWO00000000
Ukraine, Kyiv region, soil

Pseudomonas panacis UKR2

Genome accession number
. WXV00000000
Ukraine, Kyiv region, soil

Pseudomonas veronii UKR3

Genome accession number
VW XU00000000

Arctic, soil

Pseudomonas veronii UKR4

Genome accession number
VW XT00000000

Antarctic, soil
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The Screening of Specific Copper Resistant Proteins in Genomes of |16
Isolated Pseudomonas Strains

Copper binding protein (periplasmic multicopper oxidase) uses ATP to pump
Cu* and Cu?* across cell membranes.

Outer membrane protein or P-type ATPase is exhibite high copper transport
activity. CopB exports Cu* and Cu?* from the cytoplasm.

D
@ Internal membrane protein executes copper uptake to the periplasm.

CopZ Chaperone that serves for the intracellular sequestration and transport of
Cu?*, Delivers Cu?*to the copper-transporting ATPase CopA.

CusRS :
Chromosomal two-component genes system that encode proteins homologous
to known metal ion antiporters and maintain intracellular copper levels

within a safe range . 3

CopB

Heavy metal effluxsystam

CopC
P. panacis UKR2 == DT |[ONP [NFP.; [Tmembrate protein) g
€3]
F= = CusR e
P. veronii UKR3 CogC B2 B ECTE
'Q 1}<1( ATPSsa IG@{“.-;& | IC |
Cu?--axporting

P veronii UKR4




Bioremoval of Cu?* by Pseudomonas lactis UKR1 17

(Cu’?],ppm  Effectiveness of bioremoval = 7%
220 Reduction to Cu(l)
2Cu2++H20+2e:Cu20l+2H+
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Immobilization of Cu?* by Pseudomonas lactis UKR1

18

Mineral medium with citrate
200 ppm Cu(ll)

o e

Precipitation of Cu(ll)

® Cu?+2H,0 = Cu(OH),| + 2H"

2+,
[Cu” "], ppm cuwr  Effectiveness of bioremoval = 22%
220 - + in the solution
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Mobilization of Cu?* by Pseudomonas lactis UKR1 19

2+
[Cu” ], ppm Effectiveness of mobilization = 52% Mineral medium with CeH120e

2204 . . 200 ppm Cu(l1)
200 JL I Mobilization of Cu(ll)
IAN by organic acids
180 1%
160 -AVCu(OH)Zl a -
140 % e |
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Conclusions 20

1. The key points of the thermodynamic prognosis about growth
and interaction of microorganisms at the presence of Cu(ll) in
super high concentrations (up to 1 M), in particular, the

thermodynamically permissible types of its interaction were
experimentally confirmed:

- Cu?* reduction to Cu,0Ov;
- Cu?"immobilization;
_Cu(1){ mobilization.

2. Nine bacterial copper-resistant strains were isolated from various
extreme ecosystems and identified using molecular biological and
physiological-biochemical methods (Pseudomonas lactis UKR1, P.
panacis UKR2, P. veroniit UKR3 and UKR4, Bacillus mycoides
Copl02, B. velezensis Cop 41, B. megaterium Cop99,
Staphylococcus succinuss Cop98, Pantoea agglomerans Copl01.

3. Copper-resistant microorganisms and their interaction with
copper compounds are promising for development
biotechnologies of copper-containing wastewater purification
and bioremediation of copper-contaminated ecosystems.
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