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Abstract: 6-hydroxi-L-nicotine (6HNic) has an important potential as a drug for neuro-degenerative disorders and a
suitable simple and reliable method for obtaining contaminant-free 6HNic preparations is required. Here, we envision the
in-vitro production of 6HNic by using purified nicotine-dehydrogenase (NDH) followed by HPLC or capillary
electrophoresis techniques and we focus on the isolation and cloning of the three genes coding the NDH enzyme. A PCR
protocol was established for easy amplification and the DNA fragment containing the NndhLSM genes was directionally
cloned into the pART2 vector.

INTRODUCTION

It is estimated that Alzheimer’s disease (AD) alone contributes 11,2 % of years lived with disability in people
aged 60 years and older; more than other age-related diseases (stroke, musculoskeletal disorders, cardio-vascular disease
and all forms of cancer) (Ferri et al., 2005). The recent implication of nicotinic acetylcholine receptors (nAChR) subtypes
a7 and a4P2 in AD pathogenesis (Parri, Hernandez, & Dineley, 2011) has led to the proposal of a new approach in AD
therapies: by using nAchR modulators to increase the availability of receptors for acetylcholine, the loss of cholinergic
neurons can be overcome, and thereby the cognitive and non-cognitive functions can be improved. Nicotine, the well-
known agonist of nAchR, has proven negative effects on various other organs such as lungs and did not impose itself as a
feasible therapeutic agent for AD. Nevertheless, the beneficial effects of nicotine has led to an unprecedented search for
nicotine-based derivative with biotechnological and medical applications.

As shown by recent studies performed in our lab (Mihasan, Luminita, Neagu, Stefan, & Hritcu, 2013)
(Mihasan, Stefan, Brandsch, & Hritcu, 2012), the nicotine derivate 6-hydroxi-L-nicotine (6HNic) has the ability to sustain
spatial memory formation by decreasing brain oxidative stress in rats (Hritcu, Stefan, Brandsch, & Mihasan, 2011). This
fact is having an important potential as a drug for neuro-degenerative disorders. Although the tested 6HNic was a product
of chemical synthesis, this compound is a natural product occurring is in the first steps of the nicotine-catabolic pathway
from Arthrobacter nicotinovorans (Roderich Brandsch, 2006). 6HNic is formed in a hydroxylation reaction performed by
nicotine-dehydrogenase (NDH), a trimeric enzyme containing molybdopterin dinucleotide, FAD and Fe-S clusters as
cofactors (Grether-Beck et al., 1994) (Freudenberg, Konig, & Andreesen, 1988). NDH is encoded by three genes (ndhS -
0,5 kb, ndhM - 0,85 kb, ndhM — 2,4 kb), part of the nicotine-gene cluster placed on the pAO1 megaplasmid (R Brandsch
& Decker, 1984). The arrangement and localization of the three NDH genes is depicted in figure 1.

ATn dhph 151473

BOCOOOCC< COaPoD O

mobA ORF ORF ORF amd ORF  pkc ORF  kdhL ponh ORF TRu TRd kdhMS  ORF 6hino  ndhLSM
377 363 297 235 106 116 196

Figure 1. Nicotine-gene cluster and the localization of the NDH genes.

Considering the above mentioned potential of 6HNic as a protective agent in neuro-degenerative disorders
such as Alzheimer's disease, a simple suitable and reliable method for obtaining contaminant-free 6HNic preparations is
required. As the sequences of the NDH genes are readily available (Igloi & Brandsch, 2003), we envision the in-vitro
production of 6HNic by using purified NDH followed by HPLC or capillary electrophoresis techniques. In this direction,
the current work focuses on the isolation and molecular cloning of the NDH genes in a suitable vector which would allow
simple downstream purification of this enzyme in an active form.

MATERIAL AND METHODS

Chemicals. All chemicals were of highest purity available. Kanamycin and tetracycline were from Sigma-Aldrich,
Germany. HEPES, Yeast extract, peptone from caseine, EDTA and DTT were from Carl Roth, Germany. All restriction
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enzymes were from NEB, U.K.

Strains and growth conditions. For all recombinant DNA-techniques and plasmids harvesting, E. coli XL1 Blue
(Stratagene) was grown on LB-nutrient broth (Mihasan, Stefan, & Zenovia, 2012) with appropriate antibiotics
(tetracycline 12,5 pg/ml for the wt strain and kanamycin 35 pg/ml for the pART2 harboring cells). Arthrobacter
nicotinovorans pAO1+ was a kind gift from professor Dr. Brandsch R and was grown on citrate minimal medium
(Brithmiiller, Mohler, & Decker, 1972) supplemented with 0,05% nicotine and 70 pg/ml kanamycin.

Plasmids and primers. The NDH genes were isolated by PCR using the primers in table 1 and a suspension of
Arthrobacter nicotinovorans pAO1+ cells as template. Directional cloning (Sambrook, Fritsch, & Maniatis, 1989) of the
ndhLSM fragment was achieved using the pART?2 shuttle vector (Sandu, Chiribau, Sachelaru, & Brandsch, 2005) . PCR
clean-up, plasmid mini-preps and DNA-gel extraction were performed with the kits from Zymo Research, Germany. All
DNA separations were performed using standard horizontal agarose-gel electrophoresis (Sambrook et al., 1989) . The
DNA was visualized using etidium-bromide and a Biorad Gel-Doc system.

Table 1. Oligo-nucleotides used for isolation of ndhLSM

Oligo's name Sequence*
ForNDHmbcl S'AGTGAAGGATTGATCAACCTGCTATC'3
RevNDHIxba 5'CTCCCTGTCTCTAGAGCCGCGATC'3

*nucleotides written in italics indicate mutated nucleotides, underlined nucleotides denote the engineered restriction sites

Ligation, transformation and clone selection. Competent E. coli XL1 blue cells were prepared using the standard Ca**-
method as described by Sambrook et al., 1989. Following digestion, the vector and the amplified fragment were ligated
using the Rapid DNA ligation Kit, Roche, Germany and directly used for the transformation reaction. The putative clones
were selected on plates containing kanamycin 35 pg/ml and the recombinant plasmid was checked for the presence of
insert by restriction enzyme digestion.

RESULTS AND DISCUSSIONS

NDH and pART2. Previous work on the nicotine dehydrogenase from Arthrobacter
nicotinovorans has revealed that the enzyme is formed from three subunits, corresponding to a
molecular weight of about 82 000, 30 000 and 15 000 Da (Freudenberg et al., 1988).
Interestingly, the structure of the enzyme has been solved and it has been shown that the smallest
subunit (NDHS) carries two iron-sulphur cluster, the middle-sized subunit (NDHM) binds
noncovalently a flavin adenine dinucleotide (FAD) molecule and the largest NDH subunit
(NDHL) contains the molybdopterin cytosine dinucleotide cofactor (MCD) giving a (afy),
complex. These structural details have an important implication in our attempt to clone and
purify the enzyme as a recombinant protein. MCD is a rather rare cofactor and it seems like NDH
is extensively linked with pAOl. The megaplasmid contains all the genes required for the
synthesis of MCD and its insertion in the MCD-containing enzyme (Sachelaru, Schiltz, &
Brandsch, 2006). Although molybdopterin cofactor synthesis pathways have been described in E.
coli, this strain produces a slightly different form, namely molybdopterin guanosine dinucleotide
cofactor (MGD) (Leimkiihler, Wuebbens, & Rajagopalan, 2011). Thereby, E. coli is not a suitable
host for over-expression and purification of active NDH.

The identification of some nicotine-gene cluster regulators (Sandu, Chiribau, &
Brandsch, 2003) has led to the tailoring of novel pART?2 shuttle vectors (Malphettes et al., 2005)
which allows the usage of species belonging to the Arthrobacter genus as expression hosts. The
fact that the molybdopterin cytosine dinucleotide cofactor synthesis genes are located on the
pAO1 implies that only Athrobacter nicotinovorans could be used as host for NDH over-
expression.

PCR isolation and amplification of the ndhLSM fragment. As depicted in table 1, the NDH
genes are placed on the complementary strand. The first gene is ndhM which starts at position
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996683 and ends at position 95832. It is then followed by ndhS wich starts at positition 95835
and ends at position 95338 (Igloi & Brandsch, 2003). Interestingly, ndhL, the last gene, starts at
95345 and ends at 92895, which indicates a frame-shift in translation. Using the primers
indicated in table 1 and a PCR cycle consisting of — denaturation 95°C, 30 s; annealing variable
temperature, 30 s; synthesis 72°C, 4 minutes repeated 30 times, the whole approximately 3,8 kb
DNA fragment was successfully amplified as shown in figure 2. Although it seems that the most
specific amplification was performed at 51,4°C, the amplification efficiency is rather low and we
have preferred to use 49°C as annealing temperature and to further isolate the 3,8 kb fragment
from the agarose gel.

Figure 2. PCR amplification yield and the annealing temperature. M — 1kb DNA ladder, further
lanes- PCR product at the indicated temperatures.

Digestion, ligation and transformation. After the successful amplification of the NDH genes,
the fragment was sequentially digested using the enzyme pair Xbal/Bcll. The pART2 vector was
also digested with the enzyme pair BamHI/Xbal which leads to compatible ends and assures a
precise orientation of the fragment (Mihasan, Stefan, Artenie, & Brandsch, 2010). Following
ligation and transformation, a number of 12 colonies were obtained on kanamycine containing
plates. The plasmid DNA from these colonies was isolated and analyzed by agarose gel
electrophoresis (figure 3). From all 12 colonies, only colony 7 showed a different running pattern
and was considered for further clone verification.
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Figure 3. Screening of the putative colonies harboring the recombinant pART2ndhLMS plasmid.
M — 1kb DNA ladder, further lanes - plasmid DNA from the indicated colonies. Colony 7 clearly
runs different than the rest.
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Cloning verification. Although the best way of checking a positive clone is by sequencing, a
controlled enzymatic digestion which would take advantage of an cutting site existing only on the
cloned fragment is as well as relevant (Mihasan, 2011)(Chiribau, Sandu, Fraaije, Schiltz, &
Brandsch, 2004). In order to check the isolated colonies, a double digest was performed using
Xbal/ApaLl enzyme pair. As shown in figure 4, all 8 tested colonies migrated similar with the
pART2 plasmid, and only in the colony 7 a large 3,6 kb fragment could be identified. This
indicated that from all the tested colonies, onlz number 7 is harboring the recombinat
pART2ndhLMS and the rest contain just the re-circularized pART?2 plasmid.

pART2 5 6

AN,
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Figure 4. Controled enyzmatic digestion of the isolated plasmid DNA using Xbal/ApalLl. M -
1kb DNA ladder, pART2 — wt plasmid, further lanes (, 5, 6, 7, 8, 9, 10) — corresponding colonies.

CONCLUSION

The ndhLSM genes from pAO1 was isolated and cloned in pART2. The recombinant
vector will be further used in downstream applications to purify the NDH enzyme and obtain
6HNic.
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