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Abstract

From the individual perspective of the two authors who were long-time colleagues of Karl Lederis
at the University of Calgary, the events and personal interactions are described, that are relevant to
the discovery of Urotensin | (Ul) in the Lederis laboratory, along with the concurrent discovery of
Urotensin Il (UIl) in the Bern laboratory and corticotropin-releasing factor (CRF/CRH) in the Vale
laboratory. The fortuitous sabbatical experiences that put Professors Lederis and Bern on the track
of the Urotensins, along with the essential isolation paradigm that resulted in the complete
sequencing and synthesis of Ul and Ull are summarized. The chance interaction between Drs. Vale
and Lederis who, prior to the publications of the sequences of Ul and CRF, realized the sequence
commonalities of these peptides with the vasoactive frog peptide, sauvagine, is outlined. Further,
the relationship between the pharmacological studies done with Ul in the Calgary laboratory and
the more recent understanding of the biology and receptor pharmacology for the entire Urotensin
I-CRF-Uracortin peptide family is dealt with. The value of a comparative endocrinology
approach to understanding hormone action is emphasized, along with a projection to the future,
based on new hypotheses that can be generated by unexplained data already in the literature.
Based on the previously described pharmacology of the UI-CRF-Urocortin peptides in a number
of target tissues, it is suggested that the use of current molecular approaches can be integrated with
a ‘classical’ pharmacological approach to generate new insights about the UI-CRF-Urocortin
hormone family.
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1. Overview

The discovery of a new hormone family is always an exciting event. That said, the path to
such a discovery is often long, circuitous and serendipitous. Such was the case for the
discovery and elucidation of the Urotensin I1-Corticotropin-Releasing Factor—Urocortin
family of peptide hormones, now known to regulate the function of a diverse set of target
tissues in mammals, ranging from the cardiovascular to central nervous systems (Davidson
et al., 2009; Oki and Sasano, 2004). What is often absent in the literature is the kind of
personal and scientific interchanges that lead to such discoveries. This kind of information,
if present at all in peer-reviewed publications, is there usually only in a cryptic form and is
often lost as individuals pass onto other interests or retire. As luck would have it, the two
authors of this article were colleagues in the same Department at the University of Calgary
with Karl Lederis at the time Urotensin | was first isolated; and were witness to the
interchanges between the Lederis laboratory and the laboratories of Bern and Vale at the
time ovine CRF and the teleost Urotensins (I and I1) were sequenced. Further, we both had
the opportunity to join Karl in collaborative projects to experience the synergistic
relationship of working along with him. Those projects (Hollenberg et al., 1989; Muramatsu
et al., 1988; Pittman et al., 1982; Poulin et al., 1988) provided us with insight about Karl’s
approach to the pharmacology of hormones and neuropeptides in the smooth muscle and
CNS systems that were central to his work with the Urotensins. Further, for the writing of
this article, we had access to Karl’s archival files that contain reprints of articles no longer
readily accessible (e.g. Lederis et al., 1974) and that provide a more complete detailed
picture of the issues relevant to the isolation of the Urotensins. It is thus from this personal
perspective that we will summarize the story of discovery that involves comparative
observations involving fish, amphibians and mammals. The outcome of the work
establishing a hormone family that, like the mermaid/merman, relates to the physiology of
both humans and teleosts is far beyond what the original observations would have predicted.
Thus, although we will present a succinct summary of the isolation, peptide chemistry,
molecular pharmacology and physiology of the Urotensin I-CRF-Urocortin family and
Urotensin I, we refer the reader to more comprehensive reviews of the subject for more
detailed information (Davidson et al., 2009; Oki and Sasano, 2004; Hauger et al., 2003; Lu
et al., 2008; Le Mével et al., 2008; Conlon, 2008 and see the May 2008 issue of Peptides,
volume 29, devoted to Urotensin Il topics). Further, although we will deal in brief with the
co-discovery of Urotensin | and Urotensin Il by the Bern and Lederis laboratories, in concert
with the discovery of ovine CRF by the Vale laboratory, our focus will be primarily on
Urotensin I. With due apologies to those also working on the biology and physiology of
Urotensin 1, this article, for historical purposes, focuses primarily on the seminal work in
this area originating in the Lederis laboratory in Calgary and will not attempt to cover the
expanding literature in this field. Issues relating to Urotensin |1, which are summarized
historically by Bern (2008), and which are described in broad detail by articles in the May
2008 volume 29 issue of Peptides, will be dealt with only briefly.

L Apbreviations. Amino acids are designated by their one-letter codes (A alanine, R = arginine etc.); CRF, corticotropin-releasing
factor (preferred nomenclature suggested by the International Union of Pharmacology (IUPHAR), also termed, corticotropin-releasing
hormone or CRH; CRF1/CRF2, IUPHAR nomenclature for CRF receptors-1 and -2; CRH, corticotropin-releasing hormone; GPCR,
G-protein-coupled receptor; Ul, urotensin I; UII, urotensin II.

Gen Comp Endocrinol. Author manuscript; available in PMC 2013 February 11.



1duosnue Joyiny YHID 1duosnuely Joyiny JHID

1duosnuen Joyiny YHID

Pittman and Hollenberg Page 3

2. The mermaid factors: actions of teleost urophyseal principles in fish and

mammals, their isolation and a debt to the isolation of the

neurohypophyseal hormones, oxytocin and vasopressin

2.1. Parallels between mammalian and teleost neurosecretory gland ultrastructure point

the way

The discovery of the Urotensins can be seen to stem from a striking morphological parallel
between the ultrastructure of the mammalian neurohypophysis and the teleost caudal
neurosecretory system (Bern and Takasugi, 1962; Basu et al., 1965; McCrohan et al., 2007).
This homology would have been clear to Lederis, given his doctoral work on the
ultrastructure of the mammalian neurohypophysis (Heller and Lederis, 1959; Lederis, 1963)
and his work on the isolation of the neurohypophyseal hormone storage granules (Barer et
al., 1963). In view of the expected parallels between the mammalian and teleost
neurosecretory systems under discussion at the time, there is no doubt that Karl Lederis’s
insight during his Bristol Pub discussions with Howard Bern led to his sabbatical in the Bern
laboratory in Berkeley, working with the collected Gillichthys mirabilis urophyseal tissues
that were available there. This brief sabbatical ultimately provided him with a unique
research direction, distinct from that of his Doctoral thesis mentor, Hans Heller. There was
thus an exchange plan proposed, with Bern having spent sabbatical time in Bristol and
Lederis then planning his sabbatical in Berkeley. What Karl must have realized is that the
urophyseal tissue, in contrast with the mammalian neurohypophysis, was relatively free of
other ‘contaminating’ non-neural parenchymal epithelial cells, like those of the mammalian
adenohypophysis that surrounds the neurohypophysis. Thus, a purification of the active
principles from the caudal gland of teleosts would have appeared attractive. With Karl’s
coming to Berkeley for his sabbatical in 1967-68, the stage was thus set for the discovery of
the Urotensins.

2.2. Principles for the isolation of neuropeptides: oxytocin and vasopressin as a reference

paradigm

In retrospect, the key elements that were ingrained in Bristol and that were to typify Karl’s
work with the Urotensins, begun during his sabbatical in Berkeley, were the use of: (1) a
classical method for the preservation (acetone-dried powder) and extraction of glandular
tissue [mild 0.25% acetic acid or dilute HCI (0.1 N)], (2) a robust reliable bioassay for the
identification and standardization of glandular extract activity (in Karl’s case, assays
depending on the regulation of vascular and gut smooth muscle contractility) and (3) an
anatomic approach, involving electron microscopy or immunohistochemistry to identify the
site(s) of storage/synthesis of the active principles of the gland. All of these approaches were
ongoing in the Heller laboratory in terms of the study of the storage and secretion of
oxytocin and vasopressin from the posterior pituitary (Heller and Lederis, 1959; Barer et al.,
1963). Thus, the paradigm for hormone discovery to be used for the Urotensins had already
been clearly established for the identification of the vasoactive-hypertensive, galactogogic,
oxytocic and antidiuretic principles present in extracts of the posterior pituitary gland, as
begun by Oliver and Schéfer (1895). Paralleling the work of Oliver and Schafer using the
mammalian neurohypophysis, Sterba et al. (1965), Bern and colleagues (1967), Kobayashi
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and coworkers (1968) and Chan et al. (1969) noted vasoactive and other biological activities
(contraction of hen oviduct, stimulation of rat uterus, toad water retention, elevation of eel
blood pressure) in extracts of the fish urophysis, suggesting the presence of smooth muscle
regulatory peptide factors possibly related to the vasoactive peptides, vasopressin and
oxytocin. This peptide hypothesis was supported by the ability of trypsin and papain to
abolish the eelpressor activity of the extracts, which mimicked the hypertensive action of
angiotensin Il in the eel (Chan et al., 1969). There are other marked parallels between the
isolation of the Urotensins and the identification, purification and ultimate synthesis of
vasopressin and oxytocin (Acher et al., 1958; Du Vigneaud et al., 1953, 1954). The parallels
relate to issues of: (1) separating the two active principles by biochemical procedures, (2)
obtaining sufficient amounts of pure peptides for sequencing and (3) ultimately, the
challenge of synthesizing the active peptide hormones. Once synthesized, the key biological
activities of the two neurohypophyseal cyclic nine-amino acid peptide hormones could be
verified and their receptors identified. A similar path was followed for the isolation and
characterization of the Urotensins and CRF. Fortunately, by the time the hunt was on for the
Urotensins and CRF, methods for sensitive peptide sequencing and efficient solid phase
peptide synthesis had improved considerably, compared with the time that Du Vigneaud and
colleagues were wrestling with the posterior-pituitary peptides. Importantly, in parallel with
his pursuit of the Urotensins, Karl also maintained his focus on the mammalian
neurohypophysis, with an active research program directed at the anatomy and physiology of
vasopressin and oxytocin in mammals. This complementary direction no doubt helped to
inform his pharmacological studies of the Urotensins.

2.3. Isolating and sequencing the Urotensins in parallel with CRF

For the isolation of the Urotensins, the die was cast by Karl’s first manuscript dealing with
the chromatographic separation of small amounts of vasopressin and oxytocin (Heller and
Lederis, 1958). Coupled with efficient mild acid extraction procedures for acetone-dried
urophyses (comparable to methods used to extract oxytocin and vasopressin from acetone-
dried pituitaries), the smooth muscle/vascular activities in the fish gland extracts were used
as a basis to define a ‘reference standard’ for the distinct activities in the urophyseal
preparations (Bern and Lederis, 1969). The hypotensive/vasodilator activity was termed
Urotensin I (Ul), whilst the smooth muscle contracting activity was termed Urotensin |1
(UIN). A separate principle in the extracts with a hydroosmotic effect, termed Urotensin 1V,
was ultimately identified as arginine vasotocin. An activity promoting sodium retention in
fish (Maetz et al., 1964, termed Urotensin 111), differing from the other teleost Urotensins,
has not been identified. The chromatographic procedures that demonstrated the separation of
Ul from Ul activity using biogel-P2 gel exclusion chromatography were monitored by the
smooth muscle/vascular activities developed in the Lederis lab (Lederis, 1973; Zelnik and
Lederis, 1973). That separation, linked to the previous data of Chan et al. (1969), was the
first indication that Ul and UlI differed significantly in molecular size, with the larger Ul
activity eluted well before the smaller Ul activity. At that time, the peptide nature of the
Urotensins was established by demonstrating the reduction of the activity after digestion by
trypsin. The earlier work of Chan et al. (1969) had already indicated that the eel-pressor
activity in urophyseal extracts from the teleost, Mugilauratus, eluted in the excluded volume
of a Sephadex G25 gel exclusion column, was trypsin—papain sensitive, but was not affected
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by thyoglycollate. In retrospect, the data of Chan et al. (1969) and Zelnik and Lederis (1973)
indicated that Ul and Ul were very different peptides, both in terms of the larger molecular
size of Ul and in terms of their sensitivity towards reduction by thioglycollate, which does
not affect U, but abolishes the biological activity of Ull by reducing its essential cysteine
disulphide bond (see below). The systemic hypotensive/hindlimb vasodilatation assay was
used by Zelnik and Lederis (1973) to detect Ul activity in their gel filtration column
fractions, whereas they used the trout rectum contraction/eel pressor assay to detect Ull
activity. It was thus the ‘mermaid (fish-mammal) principle’, in terms of the activity of the
caudal gland extracts on both mammalian and teleost smooth muscle, that served as the
essential compass for the isolation and sequencing of the Urotensins. Having established the
presence of separate factors responsible for the UI/UII activity of the gland, Lederis and
Bern “cut a deal’, agreeing that the Bern laboratory would pursue Urotensin Il, whereas the
Lederis laboratory would aim for the isolation of Urotensin I. As of 1973, the distinct
biological actions and chemical properties of Ul and Ull were well understood by Lederis
and Bern, and the hunt was on for the Ul and UII sequences (Lederis et al., 1974).

2.3.1. Urotensin ll—In terms of the challenge of isolating and sequencing the Urotensins,
Bern won the toss of the coin, since Urotensin 11, because of its shorter sequence (12 as
opposed to 41 amino acids), turned out to be more amenable to isolation and sequencing
(Pearson et al., 1980) than Urotensin I. The sequencing and synthesis of G. mirabilis Ull
verified that the smooth muscle activity of the urophysis extract was due to the
dodecapeptide shown in Table 1, with a six amino acid cyclic structure generated by a
disulphide bridge between the two key cysteines. When Ull was sequenced, it was noted that
there was an amino acid homology between Ull and somatostatin-14 (Table 1: Pearson et al.,
1980), particularly in terms of the FWK sequence present in the cyclic cystine disulphide-
bonded domain of both peptides. Although the N-terminal Alanine-Glycine sequence of
Gillichthys Ull was the same as for human somatostatin-14, the N-terminal sequence of
human UlI differed, pointing to the essential nature of the FWK sequence in the cyclic 6-
membered disulphide-bonded ring for the biological activity of Ull. Comparative genomic
studies now indicate a common ancestral gene for Ull and the somatostatin/cortistatin genes
(Tostivint et al., 2006). What was not commented upon at the time is the striking structural
analogy between UlI and the essential six amino acid cyclic conformation of both oxytocin
and vasopressin (Table 1). Although very different in amino acid sequence from the
cysteine-bonded ring of oxytocin and vasopressin, the size of the 6-member ring of Ull was
shown to be essential for its biological activity, as is the case for the cysteine-linked 6-
membered ring of the neurohypophysial hormones. Thus, there was a significant biological
echo between the fish hormone, UlI, and the two mammalian post-pituitary peptide
hormones, oxytocin and vasopressin, which are recognized in large part for their ability to
regulate smooth muscle contractility, as are the Urotensins. With the availability of the
synthetic peptide, it soon became apparent that UlI, acting via its UT receptor (Ames et al.,
1999), was responsible for triggering a wide variety of responses (Bern et al., 1985;
summarized also by do Rego et al., 2008; and Le Mével et al., 2008), ranging from its
recognized constriction of smooth muscle to endothelium-dependent vasorelaxation,
inotropic actions in isolated cardiac tissues and behavioural effects. Given our focus on
Urotensin |, as indicated above, we refer the reader to the more extensive information about
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UlI to be found in the May 2008 volume 29 issue of Peptides, focused on Urotensin |1 topics
(e.g. see Bern, 2008).

2.3.2. Urotensin | and its relationship to sauvagine and corticotropin-releasing
factor—Depending on its ability to decrease perfusion pressure in an isolated rat hind limb
assay (Lederis and Medakovi¢, 1974a), Urotensin | was isolated and sequenced from
urophyseal extracts obtained from both sucker (Catostomus commersoni) and carp
(Cyprinus carpio) tissues (Ichikawa et al., 1982; Lederis et al., 1982). Based on the
sequence, the complete synthesis of the 4— 41 amino acid portion of Ul (Lederis et al., 1983)
established unequivocally that the vasorelaxant activity of urophyseal extracts (Muramatsu
etal., 1981; Lederis and Medakovié, 1974a) was due to Ul (Tables 2 and 3). It is perhaps
fitting that Lederis, always the avid fisherman, was responsible for organizing outings for the
harvesting of the enormous number of urophyses (over 200,000 glands per preparation) that
made the sequencing possible. These trips were usually festive ‘fishing expeditions’ (both
scientifically and practically speaking), when the entire lab would spend a day or two at a
time at a nearby reservoir collecting fish, isolating the urophyses and enjoying the
camaraderie of ‘sport with a purpose’.

What became apparent when the partial sequence of Ul was in process was its striking
relationship to the frog peptide, sauvagine (Table 2), that had already been sequenced as a
‘curiosity’ isolated from frog skin prior to the sequencing of either Ul or Ull (Montecucchi
etal., 1979). It was in discussions between Karl Lederis and Wylie Vale immediately after a
seminar at the University of Calgary in 1981, that the subject of the unusual smooth muscle
activity of sauvagine came up. In an instant, when looking at the sauvagine sequence that
they recognized in common, both individuals realized that they were in the process of
sequencing a comparable peptide, one from fish and the other from sheep. Vale’s sequence
of ovine CRF soon appeared (Spiess et al., 1981; Vale et al., 1981), followed shortly
thereafter by the sequences of carp and sucker Ul (Ichikawa et al., 1982; Lederis et al.,
1982). By that time, use of the synthetic peptides had established that in common, Ul has
ACTH-releasing activity (Rivier et al., 1983); whilst CRF like Ul exhibits vasoactive activity
(MacCannell et al., 1982). More than a decade after the isolation and sequencing of Ul and
CREF, three other members of the CRF-Urocortin family have been identified: Urocortins 1,
2 and 3 (Table 3: Vaughan et al., 1995; Reyes et al., 2001; Lewis et al., 2001). All of the
CRF-Urocortin family members can be seen to have sequence homology with Ul (Table 3),
but with only four amino acids in common amongst all of the sequences. Ul can be seen to
be most closely related to CRF and Urocortin 1, and most distantly related to Urocortin 3. To
date, many actions of the CRF-Urocortin family have been observed /n vivoand in vitroin a
variety of test systems. In retrospect, the pharmacology of the Ul peptide worked on in the
Lederis laboratory can be seen to herald many of the more recent observations documented
for the Urocortins (Oki and Sasano, 2004; Davidson et al., 2009).
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3. Exploring the pharmacology of urotensin | in mammals and fish
3.1. Studies with purified Ul

Even prior to the characterization of the structure of Ul, gel filtration- isolated preparations
of the peptide were of sufficient purity such that the pharmacological characterization of
some of its activities /n7 vivoand in vitro had commenced in mammals. In the mid 1970s, the
Lederis lab reported further on the hypotensive action of Ul by characterizing its actions on
regional vascular beds and on heart rate in the rat (Lederis and Medakovié, 1974a,b;
Medakovi¢ and Lederis, 1975; Medakovic et al., 1975a,b). A potential therapeutic value was
noted, in that Ul reduced the blood pressure of spontaneously hypertensive rats (Medakovic¢
and Lederis, 1975). In collaboration with the cardiovascular—gastrointestinal system
pharmacologist and departmental colleague, Keith Mac- Cannell, Karl explored the effects
of Ul administered /n vivo in dogs. The surprisingly vessel-selective and direct
vasodilatation of the mesenteric artery bed, along with minimal cardiac activity, prompted
them to suggest a possible therapeutic utility of Ul in conditions where reductions in cardiac
afterload are desired (MacCannell and Lederis, 1977; MacCannell et al., 1980). Initial
attempts to characterize the cellular ‘second messengers’ for Ul action were also initiated in
the late 1970s, with the identification of elevated cyclic AMP as the likely mediator of the
vasorelaxant activity of Ul in the rat tail artery (Gerritsen and Lederis, 1979a,b). This result
was obtained well in advance of the demonstration of the coupling of CRH receptors to Gs,
thereby activating adenylyl cyclase (see below).

3.2. Studies with synthetic peptides

As outlined above, the sequencing of Ul revealed its structural similarities to both frog
sauvagine and mammalian CRH (Table 2). Subsequently, pharmacological studies in
collaboration with the Salk investigators, who provided ample quantities of synthetic Ul and
CRF, focused on a comparative evaluation of the activities of each of these two related
peptides. It became apparent that both mammalian CRF and teleost Ul possessed similar
vasodilatory properties, but with very different potencies (MacCannell et al., 1982, 1984). In
retrospect, these findings can now be rationalized in terms of the distinct interactions of the
peptides with the different CRF; and CRF» receptors (Hauger et al., 2003 and see below)
now known to account for the biological effects. Correctly, the work suggested: (a) the
existence of a Ul-related peptide in the intestine (very likely one of the Urocortins) that acts
to regulate intestinal blood flow and (b) the potential therapeutic utility of a Ul-like peptide
in treating non-occlusive ischaemia in human gastrointestinal disease (MacCannell et al.,
1984).

3.3. Focusing on the central nervous system

Interestingly, in addition to the vascular actions that first characterized the actions of Ul and
sauvagine, these two peptides, like CRF, also show ACTH-releasing activity in rats, in
accord with the structural homology between CRF and Ul (Rivier et al., 1983: Table 2). This
result prompted further studies that revealed a similar hypophysiotropic action of Ul on the
fish pituitary, suggesting that Ul may serve as the corticotropin releasing hormone of fish
(Fryer et al., 1983). This study of the action of Ul on the teleost pituitary was followed by a
continuing focus on the potential role of Ul in the CNS. Subsequent to the development of a
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radioimmunoassay for Ul (Suess et al., 1986), it was possible to demonstrate its presence not
only in fish plasma, but also throughout the central nervous system in fish and mammals
(Kobayashi et al., 1986). Thus, Ul shared features that were beginning to be accepted as
characteristic of most neurohypophyseal peptides in that they can act both as systemic
circulating hormones and as localized neuromodulators. Drawing on his early experience as
a neuroanatomist (Barer et al., 1963; Lederis, 1963), and his interactions with the
comparative endocrinologist, Howard Bern, Karl turned to immunohistochemistry to
localize UI, sauvagine and CRF in the nervous system of fish (Sakanaka et al., 1987a),
amphibians (Gonzalez and Lederis, 1988), mammals (Sakanaka et al., 1987b) and even
invertebrates such as Aplysia californica (Gonzalez et al., 1991). The work with Aplysia was
due to the nearby location of a molluscophile colleague, Ken Lukowiak, who worked on the
neural pathways in this slug involved in neuronal mechanisms of learning, memory
formation and forgetting. Whether Ul plays any role in such processes is an open question.
Clearly in the fish brain, Ul is synthesized, Ul receptors are present and when administered
centrally in vivo (intracerebroventricularly), Ul can cause systemic effects such as increased
ventilation (frequency and amplitude) and hypertension (Le Mével et al., 2009). The
ubiquity of the UI/CRF/Urocortin family and the actions of the peptides in many phyla
throughout evolutionary history, presumably via homologous receptors, are features shared
by many of the peptides of the hypothalamo- neurohypophysial system.

4. Receptors for the UI/CRF/Urocorin family
4.1. CRF/UII receptors: CRF;, CRF; and the actions of Ul

Although the receptors responsible for the actions of Ul and CRF were not known at the
time the peptides were sequenced, it is now clear that the multiple activities of Ul that had
already been observed in a number of mammalian preparations (Lederis et al., 1985) are due
to the activation of two homologous G-protein- coupled receptors, termed CRF; and CRF»
(Hauger et al., 2003). There are three isoforms of CRF; (CRF2, 21 2¢) that differ in their N-
terminal extracellular sequences, but not in their extracellular loops, transmembrane
domains and intracellular sequences that are responsible for ligand binding and signal
transduction, respectively. The ability of CRF to release ACTH from pituitary corticotropes
is due to the activation of CRF, that is coupled primarily to Gs, resulting in an elevation of
cyclic AMP. Other actions of CRF and Ul can be due to interactions with CRF5, which is
also a Gs-coupled receptor present in cardiovascular tissues and elsewhere. As mentioned
above, the early work by Gerritsen and Lederis (1979b) with the rat tail artery in the Lederis
lab pointed to a Gs-coupled receptor in vascular tissue that may well be CRF,. As is the case
for most members of the 7-transmembrane G-protein-coupled receptor (GPCR) superfamily,
CRF; and CRF, are now known to trigger multiple signalling pathways in addition to those
activated by cyclic AMP. Thus, stimulation of CRF; and CRF, can activate p42/44
MAPKinase (ERK 1/2), possibly via an arrestin-mediated process. This activation of
MAPKinase, as for other GPCRs, involves transactivation of the EGF receptor by a
metalloproteinase-mediated mechanism (Markovic et al., 2008; Punn et al., 2006; Daub et
al., 1996; Zwick et al., 1999). Thus, the signal pathways activated via the two CRF receptors
can in principle differ, depending on the so-called signal trafficking that may result from the
interactions of different agonists with the same CRF receptor (Kenakin, 2007). The diverse
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actions of Ul, compared with other members of the CRF/Urocortin family, may now be
rationalized by its ability to cause agonist-biased signalling (Kenakin, 2007) that is known to
involve Gs-coupled GPCRs, like the betal-adrenergic receptor (Galandrin et al., 2008) and
may also apply to the Gs-coupled CRF receptors. In a sense, the distinct sequence of Ul,
compared with the other CRF-related peptides (Table 3) may confer on this fish peptide a
unique ability to trigger either CRFq or CRF, in a way that produces a different signalling
matrix in the target cells compared with the other peptides. Thus, in retrospect, the
pharmacology of the Ul peptide explored in the Lederis laboratory may harbour clues for the
development of signal-selective ‘biased’ agonists for CRF; and CRF, that may be of future
therapeutic utility.

4.2. Teleost neuropeptide receptors and their ligands: CRF1/CRF, homologues and more

Although the molecular pharmacology of the mammalian CRF receptors is beginning to be
understood, work with the teleost receptors is in its infancy. Here too, the Lederis laboratory,
in collaboration with the Richter laboratory, has provided a basis for further work. Beginning
in the 1980s, the Lederis-Richter team (Karl doing the fishing using nets, with the help of his
long-time Calgary colleague, Henk Zwiers; Dietmar fishing with molecular probes) was able
to clone and sequence a variety of peptide receptor and neuropeptide genes from teleosts,
focusing not only on the teleost homologues of CRF; and CRF, (Pohl et al., 2001), but also
on receptors for vasotocin (Mahlmann et al., 1994), isotocin (Hausmann et al., 1995), TRH
(Harder et al., 2001) and opiates (Darlison et al., 1997). The cloning of the receptors from
the teleost source took its place beside the parallel cloning of a number of neuropeptides
(isotocin, vasotocin, CRF) (Okawara et al., 1988; Heierhorst et al., 1989; Figueroa et al.,
1989). These studies revealed important aspects of the evolutionary history of the peptides.

5. Looking to the future with an eye on the past

5.1. Clues from the actions of Ul previously described in vivo and in vitro

Like Janus, it will be fruitful for new work related to the UI/CRF/Urocortin family to look
both forwards and backwards at the same time. We suggest that a re-examination of the
pharmacological actions of Ul and its related peptides, documented some time ago in both
mammalian and non-mammalian systems, will provide clues for novel discoveries in the
future. For instance, it is now realized that members of the CRF/Urocortin family can serve
as autocrine/paracrine regulators via their synthesis and action at distinct anatomical sites
(e.g. in the cardiovascular or gastrointestinal system) and that the anatomically restricted
actions of the peptide family in mammals (e.g. selectively affecting the mesenteric
circulation but not other vasculature) may be due to the site-selective expression of one or
both of the CRF1/CRF, receptors. A similar situation may occur in teleosts or invertebrates,
like Aplysia, to confer distinct actions of the peptides in different locations. Thus, springing
from older observations in the literature, many of which came from the Lederis laboratory,
quite a number of new hypotheses can be put forward to rationalize at the molecular level,
the observed physiological-pharmacological data obtained in vivo or in vitro.
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5.2. Testing new hypotheses and looking to the future

The new hypotheses relevant to the unique physiology of the UI/CRF/Urocortin family can
now be tested with new tools that were not available at the time Ul and CRF were
discovered. The approaches now available can include: (1) selective targeting of the deletion
or over-expression of the peptides or their receptors in a zebrafish system (e.g. selective
UI/UII downregulation with specific morpholinos) to test issues relevant to teleost
development and physiology, (2) the use of a germ line or tissue-selective gene knockout or
an si/shRNA message deletion approaches in mice or other mammalian systems to down-
regulate one or other CRF receptor or activating peptide and (3) the use of cell and targeted
in vivo receptor expression systems (see below). With current methods, the molecular targets
can be restricted either to the peripheral or central nervous systems; or alternatively to
selected organs like the gastrointestinal tract. In addition to the ‘molecular’ approaches,
much also remains to be done to assess the critical pharmacophores in the different UI/CRF/
Urocortin family members (Table 3) responsible for triggering the two CRF receptors via
one or more of their G-protein signalling partners. For instance, cell expression systems will
enable an understanding of the CRF{/CRF, receptor dynamics (clustering, homo-
heterodimerization/interalization/desensitization) and an analysis of the molecular
pharmacology of their distinct signalling properties, furthering the work of the
Grammatopoulos group (Markovic et al., 2008; Punn et al., 2006). As alluded to above, an
understanding of the receptor- interacting side-chain pharmacophores may pave the way for
developing signal-biased agonists or antagonists that can regulate the CRF receptors in a
unique way. Such reagents, synthesised as peptide or non-peptide mimetic agonists/
antagonists, may solve some of the riddles of the actions of a given UI/CRF/Urotensin
peptide in a selected target tissue and may prove to be of future therapeutic utility.

5.3. Lessons re-learned: back to the future

The story of the isolation of the Urotensins amply reinforces the value of comparative
endocrinology/pharmacology as an engine of discovery. By evaluating the pharmacological
actions of the urophyseal extracts in a variety of species, including eels, frogs, fish and
mammals, it became possible not only to devise a tractable bioassay leading to the isolation
and sequencing of Ul and UlI but also to gain insight into aspects of receptor pharmacology
that could not have been predicted by working with one species in isolation. The work also
emphasizes the essential interaction for discovery between (1) an evaluation of the
pharmacological properties of agents in tissues in vivo or in vitro and (2) the results of
molecular studies done with expression systems and cloning strategies. Thus, it will be of
considerable value to use current molecular techniques to ‘reinvent’ the traditional bioassay
and developmental studies that have been so fruitful in furthering the discipline of molecular
endocrinology to date. By going back to a more ‘traditional’ physiological-pharmacological
approach to assess systemic aspects of the UI/CRF/Urocortin system, but with the use of
recently accessible tools, one can predict a future of exciting and unexpected discoveries,
heralded by the outcome of studying the actions of extracts of the teleost urophysis in
multiple species.
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Table 1

Sequences of Gillicthys mirabilis and human Urotensin Il: relationships to oxytocin, vasopressin and
somatostatin.?

Urotensin-II (Gillichthys mirabilis): AGTADC*FWKYC*V

Urotensin II (human): RETPDC*FWKYC*V
Oxytocin C*YINQC*PLG-NH;
Vasopressin C*YFNQC*PRG-NH;
Somatostatin 14: AGC*KNFFWKTFTSC*

aSequence identities between Gillichthys mirabilis and human Urotensin Il and either human somatostatin 14 or oxytocin and arginine vasopressin
are indicated by the bold, grey-shaded underlined sequences. The homology between Gillichthysand human Ull is denoted by amino acids

represented in bold type in human UII. The cysteines (C*) are shown to be joined by a disulphide bridge (superscript asterisks), forming a 6-
member ring in Ull, oxytocin and vasopressin and a 12-member ring in somatostatin. Amino acids are designated by their one-letter codes (A =
alanine, R = arginine, etc.).
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Table 2

Sequence homologies between Urotensin I, CRF and sauvagine.?

UROTENSIN-I NDDPPISIDLTFHLLRNMIEMARIENEREQAGLNRKYLDEV

HUMAN CRF SEEPPISLDLTFHLLREVLEMARAEQLAQQOAHSNRKLMETT

SAUVAGINE QGPPISIDLSLELLRKMIEIEKQEKEKQQAANNRLLLDTI

aSequence identities between Cafostomus Urotensin | and either human CRF or frog sauvagine are indicated by the bold, underlined shaded
sequences. Additional amino acid identities amongst the three peptides are shown in bold upper case letters, shaded in grey, but not underlined.
Amino acids are designated by their one-letter codes (A = alanine, R = arginine, etc.). Ul and CRF are biologically active only when they are C-
terminally amidated.
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Table 3

Sequence homologies between Urotensin I, CRF and the Urocortins.?

UROTENSIN-TI NDDPPISIDLTFHLLRNMIEMARTENEREQAGLNRKYLDEV

HUMAN CRF SEEPPISLDLTFHLLREVLEMARAEQLAQQAHSNRKLMEII
UROCORTIN 1 DNPSLSIDLTFHLLRTLLELARTQSQRERAEQNRIIFDSV
UROCORTIN 2 IVLSLDVPIGLLOILLEQARARAAREQATTNARILARV
UROCORTIN 3 TKFTLSLBVPTNIMNLLFNIAKAKNLRAQAAANAHLMAQTL

aSequence identities between Catostomus Urotensin | and one or more of the human CRF-Urocortin family are indicated by the bold, shaded
underlined sequences. Additional amino acid identities between the CRF-Urocortin family peptides, not present in Urocortin I, are shown in bold
upper case letters. Amino acids are designated by their one-letter codes (A = alanine, R = Arginine, etc.). Like Ul and CRF, the Urocortins are
active only when they are C-terminally amidated. Amongst the UI-CRF-Urocortin family, only four amino acids are completely conserved (S, D,
A, N), as indicated by the four more heavily shaded underlined amino acids in the sequence of Urocortin 3.
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