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Background

Envi rohmental , +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 capability of microorganisms from natural
ecosystems (chernozem, Arctic and Antarctic soHs):

-to‘grow and interact with Cu(Il) at high
concentrations (up to 1.0 M);

-'to remove soluble toxic Cu(ll) compounds
from solutions.



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




Outline of The Presentation S

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);

Genome sequencing and identification of super
\/ resistant to Cu(l1) microorganisms;

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

The specific copper resistant genes screening in
\/ genomes of isolated strains.



Thermodynamic Prognosis of Microbial
Interaction with Cu(ll)
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Changing the RedOx Potential in The Range of I

Concentration of Cu(ll) from 1-10® to 1.0 M/L

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 1-10-% to 1,0

M/L
Eh, mV 2Cu?"+ H,0 + 2e = Cu,O + 2H"
+
600 +520 mV
+4UU_ /.—-—'J
+200 /
T1+20 mV —
_L_!_!_I_’_'_'_l_'_!_!_l_!_!_!_l_ Cu**
1-108 1-10° 1-104 1- 102 l,h M/L

0,00063540 0,063540 6,3540 635,40 63540 ppm.
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Stereochemical analogy of Toxic Metals
and Macroelements

Stereochemical analogy - proximity or equality of ion radii

lon radii of Mg?* and Cu?*is about 0,075 nm

Microbial transport systems are mistaken and *capture’ toxic
metals together with macroelements

Macroelements lon Radii, nm




Microorganisms Interaction with Cu?*
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Grows and Interaction of Pseudomonas panacis
with Cu®* at concentration of 1IM\L

1 M/L Cu?*
. 63540 ppm Cu?*

5000 ppm Cu?*

Liguid Media Isolation of Cu?* resistant Strains




Identification of Super Resistant to Copper(ll) 11

Microorganisms

MPC [Cu?"] =63 546 ppm =1 M/L
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|— KUB47672.1 Pseudomonas proteolytica strain BD08-00551 16S ribos PseUdomonaS panaCIS U KR2

L AB626117.1 Pseudomonas fluorescens gene for 16S rRNA partial seque] PSQUdomonaS IaCtls U KR1

30_|: ABB621836.1 Pseudomonas fluorescens gene for 16S rRNA partial sequence strain: MUFP32

LN651257.1 Pseudomonas fluorescens partial 16S rRNA gene strain B-Exp8 (syn 4288)

AB495132.1 Pseudomonas poae gene for 16S rRNA partial sequence strain: LB-Z1 /

2806958577 16S rRNA. Bacterial SSU Pseudomonas sp. Ukr1 : Ga0318485 10654 (+)strand
NR 156986.1 Pseudomonas lactis strain DSM 29167 16S ribosomal RNA partial sequence

— D84009.1 Pseudomonas azotoformans 16S rRNA gene complete seqpansa

— 2806962685 16S rRNA. Bacterial SSU Pseudomenas sp. Ukr2 : Ga0318486 1242 {-)strand/
— KU647655.1 Pseudomonas brenneri strain BD09-00316 16S ribosomal RNA gene partial sequence

— KX187317.1 Pseudomonas panacis strain KP02 18S ribosomal RNA gene partial sequence

— KX187322.1 Pseudomonas panacis strain NU03 16S ribosomal RNA gene partial sequence

25
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NR 043195.1 Pseudomonas panacis strain CG20106 16S ribosomal f PSeudomonas veronii UKR4
AB021411.1 Pseudemonas veronii gene for 165 rRNA strain: CIP 104663

2806975712 16S rRNA. Bacterial SSU Pseudomonas sp. Ukrd : Ga0318488 1224 (+)strand

2806967136 16S rRNA. Bacterial SSU Pseudomonas sp. Ukr3 ;: Ga0318487 1078 {+)Qd
AB494443. 1 Pseudomonas veronii gene for 16S rRNA partial sequence strain: nBP2

AB494445 1 Pseudemonas veronii gene for 16S rRNA partial sequenJ PSGUdomonaS veron “ U KR3

KU512899.1 Pseudomonas proteclytica strain EN4 16S ribosomal RNA gene partial sequence

AB494444 .1 Pseudomonas veronii gene for 165 rRNA partial sequence strain; nBP3



Identification of Super Resistant to Copper(ll) 12
Antarctic Yeast Strain
MPC [Cu?*] =63 546 ppm =1 M/L
Metabolic characteristic for identification
Rhodotorula mucilaginosa UKR5
prepared with the help of Ph.D. Olga Yaneva
Carbon source
Saccharose | Glucose | Ramnos | Maltose | Lactose |Galactose| Raffinose
+ - + - + +
Carbon source
Ribit Glycerol | Ethanol | Inulin Sodium Me- N-acetyl- D-
gluconate | glycoside | glucosamine
+ + + -
Carbon source
Citric acid | Xylitol D- Lactic Hexade- | Glucono- | Glucuronic
Glucosa | acid cane lactone acid
mine
+ + - + - +

+ presence of growth

- absence of growth



The growth and interaction of isolated super 13

resistant strains with toxic Cu(ll)
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Accumulation of Copper (1000 ppm Cu?*) 14
Due to Stereochemical Analogy with Mg** by
Rhodotorula mucilaginosa UKR5
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Reduction of Cu?*to insoluble Copper(I) Oxide by
Pseudomonas veronii UKR4

2500 ppm Cu?*
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The Screening of Specific Copper Resistant Proteins 0
In Genomes of 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
2* from the cytoplasm.

Internal membrane protein executes copper uptake to the
periplasm.

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

CopZ

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



The Removing of Soluble Cu?* During Hydrogen
Fermentation of Multicomponent Food Waste
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Conclusions

1. The key points of the thermodynamic prognosis of the interaction of
microorganisms with copper compounds were experimentally
confirmed.

2. The isolated strains cultivated at the presence of Cu(ll) at its super
high concentrations (5 000 ppm ... 63 546 ppm Cu?"), interacted
with Cu(ll) compounds — accumulated in cells and reduced to
Insoluble Cu,O by microorganisms as well as precipitated to

Insoluble compounds.

3. Thermodynamic justified pathways of microbial interaction with

Cu(ll) were confirmed by initial screening for genes encoding
copper resistance mechanisms. Genome of all isolated Pseudomonas

strains contains copper resistance proteins - CopA, CopB, CopD,
CopZ, as well as two component regulatory system CusRS.

4. The confirmed mechanisms of microbial interaction with Cu(ll) are
promising for development biotechnologies of super concentrated
copper-containing wastewater purification and bioremediation of
copper-contaminated ecosystems.






