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Main research subjects:

- molecular biology of pAO1 megaplasmid related to nicotine
catabolism, stress induced by nicotine degradation and
biotechnological applications..

- using 3D printing for creating teaching materials to support molecular
bioscience education.
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Paenarthrobacter nicotinovorans
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> J Biol Chem. 1959 Jan;234(1):151-5.

The bacterial oxidation of nicotine. I. Nicotine
oxidation by cell-free preparations

> J Biol Chem. 1972 Dec 10;247(23):7628-33.

The bacterial oxidation of nicotine. 8. Synthesis of
2,3,6-trihydroxypyridine and accumulation and
partial characterization of the product of 2,6-
dihydroxypyridine oxidation

> J Bacteriol. 2003 Mar:185(6):1976-86. doi: 10.1128/JB.185.6.1976-1986.2003.

Sequence of the 165-kilobase catabolic plasmid pAO1
from Arthrobacter nicotinovorans and identification
of a pAO1-dependent nicotine uptake system

> J Mol Evol. 2013 Aug;77(1-2):22-30. doi: 10.1007/s00239-013-9576-x.

pAO1 of Arthrobacter nicotinovorans and the spread
‘of catabolic traits by horizontal gene transfer in

gram-positive soil bacteria

(
Marius Mihasan ', Roderich Brandsch

Affiliations + expand
PMID: 23884627 DOI: 10.1007/s00239-013-9576-x
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Nicotine

» Produced by the tobacco plant to prevent consumption by herbivores
* Responsible for smoking addiction - by releasing dopamine

* Potentially lethal to humans (LDs, 0.5 - 1.0 mg/kg)

* Improves: cognition, alertness, memory
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NnAChRs - Nicotine acetylcholine receptors
ligand-gated ion channel superfamily of neurotransmitter receptors

Nicotine is a lead compound used for developing drugs for cognitive dysfunctions

Levin ED and Rezvani AH. Nicotinic treatment for cognitive dysfunction. Curr DrugTargets CNS Neurol Disord. 2002;1(4):423-31.
Taly et. all. Nicotinic receptors: allosteric transitions and therapeutic targets in the nervous system Nat. Rev. Drug Discov.2009, 8, 733-750.
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6-hydroxy-L-nicotine — a neuroprotective agent
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Nicotine binds to nAChRs subtypes 0432 -

Murray and Abeles, Aging & Mental Health. 2002, 6, 129-138.
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Morales-Perez C et al., Nature, 2016, 538 (7625): 411-415 ;
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In-vivo tests ® male Wistar rats (3-4 months old)
30 1
*
0
.g 25 A T
c
o 20
E
N 45 4
(o]
8 10 -
g
> 5
0 T
Control 6HLN
Y'm aze ta S k Values are mean £ S.E.M.
(n=10animals per group), *p<0.0001 vs. control group
3.5 4 a | —+— Control —&—6HLN |
§ 3
E 2.5
z
E 24
E 15
£ o1
s 0.5
0

days of training

Radial arm-maze task vauesaremean

S.E.M. (n=10animals per group), *p<0.0001 vs. control group
10.1016/j.biopha.2016.12.008

22§ 6-hydroxy-L-nicotine —

% *a* Biology Department, Alexandru loan Cuza University of lasi, Romania

d neuroprotective agent

® zebrafish (Danio rerio), both sexes (50:50)
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Object Discrimination Test - vaues are mean =

S.E.M. (n=10 animals per group), F(8,81) = 8.078, p < 0.0001. For Tukey posthoc
analyses—**** p < 0.0001, and ** p < 0.001

:@

Prof. Lucian H., PhD  Radu I. Razvan B.
10.3390/antiox9080768

A
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%+ ¥ Nicotine-containing waste need to be decontaminated
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Tobacco industry produces 300 000 tons of non-recyclable nicotine-containing waste
per year, 18 g nicotine/per kg

*  According to EPA the waste is Toxic Release Inventory (TRI) chemicals
According to the European Union Regulations (EUR) - “toxic and hazardous”(when nicotine content is over 0.05% w/w)

Tobacco production, 2021

Tobacco production is measured in tonnes.

GHSO9

GHS06

This waste 1§Simply dlscarded in the environment

Why not using Paenarthrobacter nicotinovorans to decontaminate this waste and
Noca€@NVEPP it t@

Source: Food and Agriculture Organization of the United Nations OurWorldInData.org/agricultural-production « CC BY
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Sequencing the Paenarthrobacter nicotinovorans genome
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Genomic DNA extraction

Short reads sequencing \ Long reads sequencing

Modified from - Ravintheran, S.K., Sivaprakasam, S., Loke, S. et al. Complete genome sequence of Sphingomonas paucimobilis AIMST S2, a xenobiotic-degrading bacterium. Sci Data 6, 280 (2019)
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Sequencing the Paenarthrobacter nicotinovorans genome
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Completeness: 85.21%

Contamination: 10.14% Amada ES.
13.11.2025 Mihasan M. Omics characterization of Paenarthrobactrer nicotinovorans Page no. 10


https://doi.org/10.1128/mra.00133-22
https://doi.org/10.1128/mra.00133-22
https://doi.org/10.1128/mra.00133-22

Phylogenomic analysis of 64 Paenarthrobacter, Arthrobacter,

Nocardioides and Rhodococcus strains
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But when and which genes are expressed when nicotine is present?
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Total RNA isolation

-
PolyA tailing
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minimap2

-
align reads against the genome
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pAO1 nic-genes cluster
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Bold — genes not previously shown to have nicotine related expression;
Red — genes differentially expressed between 5 HAl and 10 HAI.
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P. nicotinovorans — nicotine induced proteome
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P. nicotinovorans — nicotine induced proteome

*n* Biology Department, Alexandru loan Cuza University of lasi, Romania
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Marius Mihasan et. al. ACS Omega 2021 6 (22), 14242-14251 DOI: 10.1021/acsomega.1c01020
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Proteomic and transcriptomic view over the nicotine degradation pathway
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Upregulated (blue) and downregulated (red) proteins involved in
nicotine catabolism and integration of the end products into the Krebs
cycle. Enzymes with an asterisk (*) have putative functions. The full
arrows indicate a single catalytic reaction; the dashed arrows indicate
multiple enzymatic steps.
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Paenarthrobacter nicotinovorans can and use it for
growth

The genome of Paenarthrobacter nicotinovorans was sequenced and contains
and

The and we know have a
better idea how nicotine catabolism is regulated and integrated into the
general metabolic pathways.

We are on our way to modify the bacteria so that it will
useful compounds such as more efficiently
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- nicotine induced proteome of P. nicotinovorans
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- nicotine metabolism and pAO1 molecular
organization

BioActive research group

https://www facebook.com/BioActive.bio.uaic.ro
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