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Introduction

Pseudomonas extremaustralis 2E-UNGS (former P. veronii 2E) is a native strain from the polluted Reconquista River basin (Buenos

Aires Metropolitan Area, Argentina) with particular survival strategies that allowed its application in several processes such as waste

biotreatments and biosensing. Regarding bacterial-metal interactions, P. extremaustralis 2E-UNGS is able to biosorb Cd(II), Zn(II)

and Cu(II) and biotransform Cr(VI) to Cr(III), enabling their removal from aqueous systems and biosensor development. The

complete circular 6372594 bp chromosome was annotated in NCBI GenBank with accession number NZ_CP091043.1.
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and visualization. https://proksee.ca/
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Technology Server

https://www.mg-rast.org/

NIH/NCBI Basic Local Alignment Search Tool (BLAST)
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https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_T
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chrR – 558 bp
Chromate reductase 

P. putida KT2440 (561 bp, 187 aa):
91% QC, 73.08% PI

chrR

chrA – 1188 bp (o srpC)
Chromate transport

P. veronii G2 (1209 bp, 406 aa): 
95% QC, 80.02% PI

chrA

narI – 681 bp
Respiratory nitrate 
reductase   - chain 

P. veronii G2 
(681 bp, 228 aa): 

100% QC, 96.63%PI

narH – 1539 bp
Respiratory nitrate 
reductase - chain

P. veronii G2 
(1539 bp, 517 aa):

100% QC, 96.95% PI

narG – 3774 bp
Respiratory nitrate 
reductase α-chain 

P. aeruginosa PAO1 (Ref) 
(3774 bp, 1273 aa):
98% QC, 80.66% PI

narJ – 756 bp
Respiratory nitrate reductase - chain  

P. veronii G2 (nitrate reductase 
molybdenum cofactor assembly 

chaperone, 756 bp, 253 aa):
100% QC, 95.50% PI

narX – 1803 bp
Nitrate/nitrite sensor protein 
P. fluorescens Q2-87 (histidine 

kinase, 1800 bp, 604 aa):
98% QC, 79.29% PI

narK1 – 1257 bp
Nitrate/nitrite 

transporter
P. fluorescens WH6 
(1278 bp, 429 aa):
98% QC, 92.28% PI

narL – 648 bp
Nitrate/nitrite response 

regulator protein 
P. veronii G2 (648 pb, 217 aa): 

100% QC, 90.28% PI

NarK2 – 1398 bp
Nitrate/nitrite 

transporter
P. aeruginosa PAO1 

(Ref) (1407 bp, 471 aa):
95% QC, 79.40% PI
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Conclusions

 The complete cluster of nitrate reduction genes was identified associated with the proved biosynthesis of Ag-nanoparticles with antimicrobial and

antibiofilm properties.

 Mono and dioxygenase genes were detected related to linear and aromatic hydrocarbon biotransformation respectively, consistent with the already

registered industrial hydraulic oil degradation. In addition, auxin production genes were located.

 This battery of genes among others reveal the potential that P. extremaustralis 2E-UNGS contains in leading to the development of sustainable
technologies for environmental restoration.

The aim of this work was to explore within the 

genome sequence of this bacterium the presence 

of genes which represent potential new abilities to 

be exploited in innovative environmental 
biotechnologies. 

Pseudomonas Genome Database

https://www.pseudomonas.com/
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a Siderophore production in time, expressed as production

of siderophore (Absorbance supernatant λ = 404 nm × d.f,

where d.f is the dilution factor) (Bars); growth curve by P.

extremaustralis 2E-UNGS (solid line).

b Absorbance spectrum of the supernatant of P.

aeruginosa PA01 and P. extremaustralis 2E-UNGS; P.

extremaustralis 2E-UNGS culture in M9S (inserted image

in the upper right corner).

copD – 858 bp
Cu resistance protein 

P. veronii G2 (Cu homeostasis 
membrane protein, 858 bp, 287 aa): 

100% QC, 80.42% PI

copD

cadA – 1887 bp
Cd-translocating P-type ATPase
P. veronii Pvy (1890 bp, 635 aa): 

99% QC, 90.15% PI

cadA

czcA – 3147 bp
Co/Zn/Cd efflux RND transporter, 

transmembrane protein
P. protegens Pf-5 (Co/Zn/Cd resistance 

protein, 3138 bp, 1055 aa): 
99% QC, 82.26% PI

czcA

czcB – 1107 bp
Co/Zn/Cd efflux RND transporter, 

membrane fusion protein
P. protegens Pf-5 (Co/Zn/Cd resistance 

protein, 1170 bp, 392 aa): 
80% QC, 80.74% PI

czcB

czcC– 1224 bp
Co/Zn/Cd efflux RND transporter

P. protegens Pf-5 (Co/Zn/Cd 
resistance protein, 1251 bp, 420 aa): 

88% QC, 70.46% PI

czcC

czcR– 675 bp
Cu-sensing two-component system 

response regulator
P. fluorescens SBW25 (675 bp, 226 aa): 

100% QC, 91.41% PI

czcR

czcD – 912 bp
Co/Zn/Cd resistance protein 
P. fluorescens R124 (cation 

transporter, 930 bp, 312 aa): 
86% QC, 76.86% PI

czcD

copC – 387 bp
Cu resistance protein

P. veronii G2 (Cu homeostasis 
periplasmic binding protein, 

384 bp, 128 aa): 
80% QC, 67.31% PI

copC

Cu(II) Biosorption

cusR – 681 bp
Cu-sensing two-component system 

response regulator
P. fluorescens SBW25 (681 bp, 228 aa): 

100% QC, 89.59% PI

cusR

cusS – 1362 bp
Cu sensory histidine kinase

P. fluorescens WH6 
(ATPase, 1356 bp, 455 aa): 

99% QC, 83.20% PI

cusS

pvdH – 1416 bp
Pyoverdin biosynthesis protein, L-2,4-

diaminobutyrate:2-oxoglutarate aminotransferase 
P. protegens Pf-5 (1413 bp, 454 aa): 

100% QC, 82.48% PI

pvdH

pvdS – 552 bp
Sigma factor, controling pyoverdin

biosynthesis
P. protegens Pf-5 (549 bp, 183 aa): 

95% QC, 85.90% PI

pvdS

pvdL – 12897 bp
Pyoverdine chromophore precursor synthetase @ 
Siderophore biosynthesis non-ribosomal peptide 

synthetase modules
P. protegens Pf-5 (13029 bp, 4385 aa):

95% QC, 77.92% PI

pvdLpdvG

pdvG – 753 bp
Thioesterase involved in non-

ribosomal peptide biosynthesis
P. fluorescens SS101 (753 bp, 252 aa): 

100% QC, 85.94% PI

Copper–cadmium–zinc interactions 
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Cd(II) and Zn(II) Biosorption

Nitrate reductase activity detected in cell-free culture supernatant from P. extremaustralis

2E-UNGS. NaNO2 0.06 mg L-1 (positive control), PYG broth (negative control) and

ultrapure water (negative control). Positive reaction: development of pink colour (recorded

at A540 nm).

Assay scoring: strong reaction (+++), moderate (++), slight (+), no reaction (-).

No denaturation 
treatment

Heat 
denaturation

Acid 
denaturation

SDS 
denaturation

Cell-free supernatant from P. 
extremaustralis 2E-UNGS culture in PYG

+++ + - ++

NaNO2 solution (0.06 mg. L-1) +++ +++ +++ +++

PYG broth ´- - - -

Ultrapure water - - - -

Pyoverdine production
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pvdA – 1338 bp
pyoverdine biosynthetic process @ Siderophore 

biosynthesis protein, monooxygenase
P. aeruginosa PAO1 (Ref) (1332 bp, 447 aa): 

95% QC, 77.92% PI

fpvI – 483 bp
Sigma-70 factor (ECF subfamily), 

controling pyoverdin biosynthesis
P. protegens Pf-5 (480 bp, 160 aa): 

97% QC, 84.39% PI

fpvI
pvdA

5650 kbp 5660 kbp

345 kbp 350 kbp

5260 kbp 5270 kbp 5280 kbp 5285 kbp5275 kbp5265 kbp

pvdM – 1359 bp
Putative dipeptidase, 

pyoverdin biosynthesis.
P. veronii G2 (1359 bp, 456 aa): 

100% QC, 90.60% PI

pvdM

pvdE – 1653 bp
Pyoverdine ABC export system, fused 

ATPase and permease components
P. protegens Pf-5 (1653 bp, 555 aa): 

97% QC, 86.11% PI

pvdE

pvdO – 867 bp
Pyoverdine responsive 

serine/threonine kinase.
P. protegens Pf-5 (894 bp, 

299 aa): 
93% QC, 74.87% PI

pvdO

pvdP – 1626 bp
Pyoverdine biosynthesis 

related protein
P. putida KT2440

(1623 bp, 545 aa):
99% QC, 71.82% PI

pvdP

pvdF – 828 bp
Pyoverdine synthetase, N5-hydroxyornithine formyltransferase @ 

Siderophore biosynthesis non-ribosomal peptide synthetase modules
P. aeruginosa PAO1 (Ref) (828 bp, 277 aa): 97% QC, 78.05% PI

pvdF

fpvA – 2433 bp
Outer membrane 

ferripyoverdine receptor
P. aeruginosa PAO1 (Ref) 

(2448 bp, 823 aa): 
99% QC, 75.35% PI 

fpvA pvdD pvdI

pvdI – 14031 bp
Non-ribosomal peptide synthetase modules, 
pyoverdine @ Siderophore biosynthesis non-

ribosomal peptide synthetase modules
P. fluorescens A506 (14034 bp, 4723 aa): 

100% QC, 82.36%

pvdD – 10458 bp
Siderophore biosynthesis non-ribosomal 

peptide synthetase modules
P. fluorescens A506 (10488 bp, 3529 aa): 

99% QC, 80.49% PI

Scale up of Cr(VI) removal by P. extremaustralis 2E-UNGS immobilized in

calcium alginate beads in 300 mL-batch bioreactor. Arrows indicate the

renewal -after each treatment- of the diluted chromic acid solution belonging

to a second rinse bath of an electroplating process.
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