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ARTICLE INFO ABSTRACT
ATﬁCl_e history: During early ectotherm vertebrate evolution the heart was redesigned as a high pressure pump adapted
Received 31 December 2010 to perfuse larger body sizes. To compensate the consequent higher organ complexity and heterogeneity
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: ; (ventricular myoarchitecture and blood supply), conceivably the three principal cardiac cell components,
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the endocardium, the contractile myocardium and the epicardium recruited and diversified the cardiac
NOS system for functioning not only as a major modulator, but also as a spatio-temporal integrator of

Keywords: o heart function. In the context of NOS isoform evolution, we will use fish and amphibian paradigms to

Séﬁ;fc non-uniformity illustrate major aspects of cardiac spatial and temporal integration achieved by the NOS/NO systems. This

Nitrosylation may reveal a primordial cardiac NOS/NO function, allocating it in a wider biological framework than so
Endocrine network far envisioned.

Cold-blooded vertebrates © 2011 Elsevier Inc. All rights reserved.
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Introduction

In the early 1990s, Edelman and Gally [1] suggested nitric oxide

(NO) as a molecule linking space and time in the brain. This con-

cept can be well extended to the heart, in which the nitric oxide

% Corresponding authors. Fax: +39 0984 492906. synthase (NOS)/NO system is now acknowledged as a major
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(A. Gattuso). multiple spatial and temporal scales, hence modulating the organ

1089-8603/$ - see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.niox.2011.05.001


http://dx.doi.org/10.1016/j.niox.2011.05.001
mailto:sandra.imbrogno@unical.it
mailto:a.gattuso@unical.it
http://dx.doi.org/10.1016/j.niox.2011.05.001
http://www.sciencedirect.com/science/journal/10898603
http://www.elsevier.com/locate/yniox

1.0/90

1.075

1.01100

S. Imbrogno et al./Nitric Oxide 25 (2011) 1-10

O. anatinus

C. familiaris

| P. troglodytes

| H. sapiens

L R. norvegicus
P. vampyrus

Lo [‘- B. taurus

L E. caballus
L M. domestica

1.0/68 |—I_ G. gallus

i L—— A. carolinensis
—— X. tropicalis NOSI
L S. acanthias

r S. chrysops T
L G. aculeatus
_ ross] 1_0,m|_ , O. latipes NOS-like o
[71 0. latipes o
’V"_l_ F. heteroclitus 2
r T. poecilonotus o
1.01100 [ |_rl T. rubripes %
| L T. nigroviridis »
1.01100 |_ O. mykiss
D. rerio
— C. mili -
P. marinus NOS B

0.5/64

1ono0 b— P. marinus NOS A
r E. caballus
|— B. taurus

C. familiaris

P. vampyrus

P. troglodytes
l[JI H. sapiens
L R norvegicus

O. anatinus

M. domestica

1.0/98

1.0/98

1.076

1.0/65 . .
I A. carolinensis

; X. tropicalis
r H. sapiens

1 P. troglodytes
— P. vampyrus
[ L— C. familiaris

L E. caballus

1.0100 |—
L 5. taurus

R. norvegicus

1.01100

’—r ; M. domestica
; O. anatinus

wme | | ——— G. gallus

1.0194

O. mykiss
1008 e D. 110 A
- | — C. carpio
1.0196 [L— C. auratus A
1099 D. rerio B

Lose [L_ 1. ronita
C. auratus B

S. canicula

101100 [ C. intestinalis

1.01100

L C. savignyi
B. floridae NOS B

101100 [ L B floridae NOS A
L B floridae NOS C

1.0/100 L. valentiana
1.01100 L A. californica NOS A

L S officinalis NOS
1.0/100 — T. castaneum NOS A
— D. melanogaster

N. vectensis

T. adhaerens NOS B

1.0100 |

+on00 ———————— 1. adhaerens NOS A

L T adhaerens NOS C

0.1

G. gallus

L A. carolinensis
X. tropicalis

SuB9)S09I9 |

A. californica NOS B

NOSIII

NOSII

Fig. 1. Genealogical relationships among NOS protein sequences encountered in selected vertebrate and invertebrate taxa. From Andreakis et al. [2]. (The authors thank

Andreakis et al. [2] for kind permission to use their data).

physiology both at basal and stimulated conditions. However, since
the NO discovery in the 1980s, despite the growing number of data
published on this molecule during the last 20 years, about 99% are
referred to mammalian models. Consequently, while the essential

role of NO as a pleiotropic regulator of mammalian cardiac biology
is well established, the research on the evolutionary aspects of the
NOS/NO system remains at an early stage and some basic problems
are still controversial.
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