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The scope of this brief review is about the role that plays a fantastic
molecule: Nitric Oxide, and the use of sodium nitroprusside (SNP) as
a facilitator of growth and development of in vitro plant cell, tissue and
organ cultures.

Nitric oxide (NO) is a bioactive inorganic gas, free radical and highly
labile of a low molecular weight and a half life of less than six seconds. It
contains an unpaired electron in its outer orbital and because this fact,
it bears the characteristics of a radical that can win or lose an electron
and be converted to one of three different species: the radical (NO-), the
nitrosonium cation (NO*) or nitroxyl anion (NO"), which explains its
high reactivity and its tendency to bind with reduced heme proteins [1].
These three forms of NO are swappable within the cell and are strongly
dependent on the redox state thereof. The radical NO diffuses freely in
aqueous solutions and is able to cross lipid membranes, move within
cell compartments and from cell to cell [2].

NO has emerged as a new chemical messenger in plant biology
after its characterization and functionality in animals, where it acts as
an endothelial relaxation factor (EDRF, endothelium-derived relaxing
factor). NO is generated from arginine, by the action of the enzyme
nitric oxide synthase (NOS) and its three isoforms nNOS, eNOS,
iNOS, some of which depend on the concentration of intracellular free
calcium [3,4].

In plants the NO is involved in both pathophysiological and
developmental processes. Many environmental and hormonal stimuli
are transmitted either directly or indirectly by NO signaling cascades.
The capacity of NO to act simultaneously in non-related biochemical
pathways and its redox homeostatic characteristics, suggest that this
may be a molecule for synchronization in plants [4] which can generate
NO through enzymatic and non-enzymatic systems. One pathway
of NO production in plants is the enzyme nitrate reductase (NR),
which is located in the cytosol and catalyzes the reduction of nitrate to
nitrite using NADH as electron donor. This enzyme may also catalyze
the reduction of nitrite to NO, and NO production depends on the
accumulation of nitrite [5]. Other pathway for the NO synthesis in
plants is analogous to the animals NO synthesis by the NOS enzyme.
There are several studies that asserted the presence of NOS activity in
plants. The emergence of NOS activity was reported in the peroxisomes
of pea, in the roots, stems and leaves of seedlings of peas besides in
olives where induced salinity however studies in an Arabidopsis protein
that produces NO in response to hormonal signals shows no similarity
with typical animal NOS enzyme but increased synthesis of NO-
arginine-dependent. Therefore, it can be postulated that the presence of
NOS activity in plants is still mysterious [6].

On the other hand, exogenous NO sources constitute a powerful
way to supplement NO to plants or animals with the use of chemical
nitric oxide donors which have been studied mainly in cardiovascular
medicine for more than two decades. By definition, NO donors refer
to any compound that can generate NO in any of the previously
mentioned forms (radical, anion or cation) through enzymatic,

chemical, electrochemical and photochemical pathways. Most of these
NO donors are organic compounds; however, there is a small group of
compounds that form a transition metal NO-complexes such as sodium
nitroprusside (SNP) [7]. SNP is the most widely studied compound
of the iron nitrosyls family, being its systematic name sodium
pentacyanonitrosyl ferrate (II), an inorganic complex where iron is in
the ferrous state (Fe**) and nitric oxide is formally bound as NO*. In
spite of extensive studies of chemical reactivity, particularly with thiols,
the mechanism of NO release is still not clearly understood. It is clear,
however, that SNP requires either irradiation with light or an electron
reduction to release NO. Moreover, sodium nitroprusside in aqueous
solution is degraded when exposed to white or blue light but no to red
light [8,9].

The addition of SNP to in vitro cell, tissue and organ cultures is
currently a topic of the highest interest. Otvds et al. [10] used SNP as
nitric oxide donor in combination with auxins for promoting activation
of cell division and embryogenic cell formation in Medicago sativa.
They found that in the absence of exogenous auxin and a concentration
of 10 uM SNP did not influence cell division. However, in the presence
of both 0.22 and 1 pM 2,4-D and the same SNP concentration, this
compound significantly increased the frequency of cell division.
A more recent study evaluated the effect of SNP (10 uM) on shoot
multiplication and regeneration of Vanilla planifolia Andrews [11].
Other studies showed that NO stimulated root organogenesis in
Cucumis sativus, where the same concentration of SNP (10 uM) was
used, and in Solanum lycopersicum where the optimum concentration
was 200 uM [12,13]. Preliminary results in the micropropagation of the
genus Agave showed that SNP increased the propagation rate and the
size of propagated plants (to be published elsewhere).

Currently, research for the use of Nitric Oxide donors such as
Sodium Nitroprusside is of a great interest for basic physiological and
biochemical studies as well as for the development of new protocols for
plant micropropagation for commercial purposes.

References

1. Thomas DD, Liu X, Kantrow SP, Lancaster JR (2001) The biological lifetime of
nitric oxide: implications for the perivascular dynamics of NO and O, Proc Nat
Acad Sci USA 95: 355- 360.

*Corresponding author: Benjamin Rodriguez-Garay, Plant Biotechnology Unit,
Centre for Research and Assistance in Technology and Design of the State of Jalisco,
A.C. (CIATEJ), Av. Normalistas No. 800, Col. Colinas de la Normal, Guadalajara,
Jalisco, México, Tel: 52-33-33-45-52-00; E-mail: brodriguez@ciatej.mx

Received September 30, 2014; Accepted October 04, 2014; Published October
10, 2014

Citation: Rico-Lemus M, Rodriguez-Garay B (2014) SNP as an Effective Donor of
Nitric Oxide for in vitro Plant Cell and Tissue Culture. J Plant Biochem Physiol 2:
e127. doi:10.4172/2329-9029.1000e 127

Copyright: © 2014 Rico-Lemus M, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

J Plant Biochem Physiol
ISSN: 2329-9029 JPBP, an open access journal

Volume 2 + Issue 3 + 1000e127


http://www.ncbi.nlm.nih.gov/pubmed/11134509
http://www.ncbi.nlm.nih.gov/pubmed/11134509
http://www.ncbi.nlm.nih.gov/pubmed/11134509
http://dx.doi.org/10.4172/2329-9029.1000e127
brodriguez
Resaltado


Citation: Rico-Lemus M, Rodriguez-Garay B (2014) SNP as an Effective Donor of Nitric Oxide for in vitro Plant Cell and Tissue Culture. J Plant

Biochem Physiol 2: €127. doi:10.4172/2329-9029.1000e127

Page 2 of 2

. Subczynski WK, Lomnicka M, Hyde JS (1996) Permeability of nitric oxide
through lipid bilayer membranes. Free Radic Res 24: 343-349.

. Wendehenne D, Pugin A, Klessig DF, Durner J (2001) Nitric oxide: comparative
synthesis and signaling in animal and plant cells. Plant Sci 6: 177-183.

Lamattina L, Garcia-Mata C, Graziano M, Pagnussat G (2003) Nitric oxide: The
versatility of an extensive signal molecule. Annu Rev Plant Biol 54: 109-136.

Ferreira LC, Cataneo AC (2010) Nitric oxide in plants: a brief discussion on this
multifunctional molecule. Sci Agric 67: 236-243.

Khan MN, Mobin M, Mohammad F, Saquib MA (2013) Nitric oxide synthesis in
plants: a recent update. Glob J Bot Sci 1: 22-28.

Hou YC, Janczuk A, Wang PG (1999) Current trends in the development of
nitric oxide donors. Curr Pharm Des 5: 417- 442.

Feelisch M (1998) the use of nitric oxide donors in pharmacological studies.
Naunyn-Schmiedeberg’s Arch Pharmacol 358: 113-122.

Citation: Rico-Lemus M, Rodriguez-Garay B (2014) Snp as an Effective Donor
of Nitric Oxide for in vitro Plant Cell and Tissue Culture. J Plant Biochem Physiol
2:e127. doi:10.4172/2329-9029.1000e127

. Arnold WP, Longnecker DE, Epstein RM (1984) Photodegradation of Sodium

Nitroprusside: Biologic Activity and Cyanide Release. Anesthesiology 61: 254-
260.

10. Otvds K, Pasternak TP, Miskolczi P, Domoki M, Dorigotov D, et al. (2005) Nitric

oxide is required for, and promotes auxin-mediated activation of, cell division
and embryogenic cell formation but does not influence cell cycle progression in
alfalfa cell cultures. Plant J 43: 849-860.

11. Tan BC, Chin CF, Alderson P (2013) Effects of sodium nitroprusside on shoot

multiplication and regeneration of Vanilla planifolia Andrews. In vitro Cell. Dev
Biol Plant 49: 626-630.

12. Pagnussat GC, Simontacchi M, Puntarulo S, Lamattina L (2002) Nitric oxide is

required for root organogenesis. Plant Physiol 129: 954-956.

13. Correa-Aragunde N, Graziano M, Chevalier C, Lamattina L (2006) Nitric oxide

modulates the expression of cell cycle regulatory genes during lateral root
formation in tomato. J Exp Biol 57: 581-588.

Submit your next manuscript and get advantages of OMICS
Group submissions
Unique features:

User friendly /feasible website-translation of your paper to 50 world’s leading languages
Audio Version of published paper
¢+ Digital articles to share and explore

Special features:

350 Open Access Journals
. 30,000 editorial team
¢ 21 days rapid review process
Quality and quick editorial, review and publication processing
Indexing at PubMed (partial), Scopus, EBSCO, Index Copernicus and Google Scholar etc
Sharing Option: Social Networking Enabled
Authors, Reviewers and Editors rewarded with online Scientific Credits
¢ Better discount for your subsequent articles

Submit your manuscript at: http://www.omicsonline.org/submission/

J Plant Biochem Physiol
ISSN: 2329-9029 JPBP, an open access journal

Volume 2 + Issue 3 + 1000e127


http://dx.doi.org/10.4172/2329-9029.1000e127
http://www.ncbi.nlm.nih.gov/pubmed/8733938
http://www.ncbi.nlm.nih.gov/pubmed/8733938
http://www.ncbi.nlm.nih.gov/pubmed/11286923
http://www.ncbi.nlm.nih.gov/pubmed/11286923
http://www.ncbi.nlm.nih.gov/pubmed/14502987
http://www.ncbi.nlm.nih.gov/pubmed/14502987
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-90162010000200017&lng=en&nrm=iso&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-90162010000200017&lng=en&nrm=iso&tlng=en
http://www.ncbi.nlm.nih.gov/pubmed/10390607
http://www.ncbi.nlm.nih.gov/pubmed/10390607
http://www.ncbi.nlm.nih.gov/pubmed/9721012
http://www.ncbi.nlm.nih.gov/pubmed/9721012
http://www.ncbi.nlm.nih.gov/pubmed/6089613
http://www.ncbi.nlm.nih.gov/pubmed/6089613
http://www.ncbi.nlm.nih.gov/pubmed/6089613
http://www.ncbi.nlm.nih.gov/pubmed/16146524
http://www.ncbi.nlm.nih.gov/pubmed/16146524
http://www.ncbi.nlm.nih.gov/pubmed/16146524
http://www.ncbi.nlm.nih.gov/pubmed/16146524
http://link.springer.com/article/10.1007%2Fs11627-013-9526-8
http://link.springer.com/article/10.1007%2Fs11627-013-9526-8
http://link.springer.com/article/10.1007%2Fs11627-013-9526-8
http://www.plantphysiol.org/content/129/3/954
http://www.plantphysiol.org/content/129/3/954
http://jxb.oxfordjournals.org/content/57/3/581.full.pdf
http://jxb.oxfordjournals.org/content/57/3/581.full.pdf
http://jxb.oxfordjournals.org/content/57/3/581.full.pdf
http://dx.doi.org/10.4172/2329-9029.1000e127

	Title
	Corresponding author
	References

