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Occurrence of a CGRP-Like Molecule in Siki (  Centroscymnus
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Fish protein hydrolysates (FPH) may have potential as bioactive components in functional foods as
nutraceuticals. This study focused on the identification of calcitonin gene-related peptide (CGRP)
molecules in FPH. CGRP is a neuropeptide belonging to the calcitonin/CGRP family and is known
as potent arterial and venous vasodilator in humans. Hydrolysates of industrial origin were prepared
from siki (Centroscymnus coelolepsis) heads and were analyzed for the presence of CGRP-like
molecules using specific radioimmunoassays and radioreceptorassays. The biological activity of the
CGRP-related molecules was assessed by their ability to stimulate the adenylate cyclase activity in
rat liver membranes. They were finally purified using gel exclusion chromatography and high-
performance liquid chromatography (HPLC). These molecules presented a molecular weight around
1500—2500 Da and were obtained with a purification factor of 79. The incorporation of FPH with
CGRP-like molecules in functional foods could lead to the development of new useful products for
health and nutrition markets.
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INTRODUCTION this field, we have previously reported the presence of calcitonin

The disposal or utilization of seafood processed waste is a 9ene-related peptide (CGRP)-like molecules in several fish
critical issue for the seafood industry. For example, discarded Protein hydrolysates8). CGRP is a 37-residue neuropeptide
shrimp represents more than 30 million kg of waste material Which was first described in 198®) The structure of CGRP
per year in Norway. Such waste is either discarded in the sea!S strongly con;grved during evol_utlo_n. Itis generatfed from the
or is processed into animal feed of low added value. Nonethe- ltérnative splicing of the calcitonin gene, leading to the
less, this raw material has a nutritional value that is almost Production of mMRNA encoding calcitonin in thyroid C-cells or
equivalent to that of fish itself and has a real potential as a food the neuropeptide CGRP in a subset of central and peripheral
ingredient (1). This waste constitutes an important source of Neurons (10). In humans, CGRP exerts a wide variety of
biologically active molecules possessing peculiar properties andPiclogical effects on various tissues. It is known as one of the
promising practical applications in various areas (including MOSt potent arterial and venous vasodilatad(with a potency
nutraceutical field that represents a rising interest). In this 10-fold greater than the prostaglandins and 100—1000 times
context, the preparation by enzymatic processes of protein greater_than other classic vasodllators such as a_cetylcholme,
hydrolysates from seafood byproducts has been extensively2denosine, 5-hydroxytryptamine, or substanceZ. This effect
studied for more than 20 years. The publications on this topic "as been reported in vitrd§, 14) and in vivo (5). In addition
relate primarily to enzymatic technologg,(3) or nutritional to its great potency, CGRP alsq differs from other vasodlla_tor
properties of the hydrolysated)( A review by Kristinsson and substances in th_at it has a partlf:ularly long duration of action
Rasco (5) highlights the interest of the development of these (12). The capacity of CGRP to increase the rate and force of
technologies to produce new food ingredients, similar to those contraction of the heart.g) and the ability to suppress gastric

obtained by enzymatic hydrolysis from milk or plant proteins. &cid secretion, decreasing food intaig (18), have also been
The publications concerning the identification of molecules of Widely described. CGRP-like molecules have also been detected

therapeutic interest deal mainly with the presence of ACE- In nonmammalian vertebrates,(19) and invertebrates, and

inhibitory peptides in fish protein hydrolysates (FPI) 7). In nerves containing CGRP-like immunoreactivity have been
described in the gastrointestinal canal of fi@0)
* Author to whom correspondence should be addressed. E-mail: In this StUdy, we report the characterization and purification
Osgﬂagﬁgdﬁﬁggﬁgtgﬂggnﬁé Naturelle USM 405 of CGRP-like molecules from protein hydrolysates of siki
£ COPALIS BP 239. ' (Centroscymnus coelolepjisf industrial origin. The molecules
8 Instituto del Frio. were identified by specific radioimmunoassay and radiorecep-
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torassay. The CGRP-like molecules were purified using gel
exclusion and high-performance liquid chromatography (HPLC).
Finally, CGRP-like biological activity of the purified molecules
was demonstrated by their capacity to stimulate the cAMP pro-
duction in rat liver membranes, a specific target organ for CGRP.
The purification of this broad-spectrum peptide and its further
incorporation in functional foods would be of interest for the
food industry to launch new health products on the market,
seeking in this way to improve the use of seafood wastes.

MATERIALS AND METHODS

Chemicals. Human CGRP was obtained from Bachem (Weil am
Rhein, Germany). Labeled hormones (specific activity: 2000 Ci/mmole)
were from GE Healthcare (Chalfont St. Giles, United Kingdom). The
antihuman CGRP antibody was a generous gift of Dr. A. Jullienne from
Paris, France. Male Wistar rats were obtained from Janvier breeding
(Le Genest sur Isle, France). The enzyme inhibitatCGRR 37 was
obtained from Sigma Chemical (St Louis, MO). Bovine serum albumin
was from Sigma and was heat-inactivated before radioreceptorassays
Other chemicals were of reagent grade.

Protein Hydrolysate. Protein hydrolysate of sikiGentroscymnus
coelolepsis) of industrial origin was prepared from cooked heads by
COPALIS (Boulogne-Sur-Mer, France). Two proteases at optimum pH
and temperature were consecutively used for 2 h, but more production
details cannot be revealed. The enzymes were inactivated by boiling
at 80°C, and the hydrolysate was sieved to remove the bone. Then,
the liquid was clarified by using a centrifuge (Westfalia separator
CA220) to remove the insoluble residues. The protein hydrolysate was
purified by membrane treatment: the skid of ultrafiltration was equipped
with mineral membranes with a cutoff of 0.14 micrometers. The
clarified hydrolysate was then deodorized by filtration with active
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inhibition of the initial binding to rat liver membranes. The experiment
was performed in triplicate.

Adenylate Cyclase Activity. The adenylate cyclase activity in rat
liver membranes was determined by measuring the synthesis of CAMP
from nonradioactive ATP as previously describ2d) The assay was
initiated by addition of membranes (1@) to preheat (4 min at 3TC)
assay tubes with sample or CGRP. The tubes were then incubated for
30 min at 30°C with Hepes Tris buffer (25 mM, pH 7.4) containing
1 mM isobutylmethylxanthine (IBMX), 1.3 mM EGTA, 5 mM Mggl
0.4 mg/mL BSA, 1 mM ATP, and 10&M GTP. The buffer also
contained 10 mM phosphocreatine and 0.8 mg/mL creatine phospho-
kinase as regenerating system. After incubation, the reaction was
terminated by the addition of 2Q@_ Tris—EDTA buffer, pH 7.4, and
the tubes were placed in a boiling water bath for 4 min. Cyclic AMP
was quantified on 5@L aliquots using the radioreceptor assay kit from
GE Healthcare. The adenylate cyclase activity was expressed as
picomoles of cCAMP synthesized by 1 mg membrane protein during 30
min of incubation. The adenylate cyclase activity was also measured
as above but in the presence qill aCGRR-37, a specific antagonist
of CGRP-action25). The experiment was performed in quadruplicate.

- Purification of Siki Hydrolysates. Siki hydrolysate was prepurified

by gel exclusion chromatography on HW 40 toyopearl column .5
33.5 cm) using ammonium acetate 0.2 M, pH 5, as eluant. The flow
rate was 25.2 mL/h. The column was calibrated with the following
molecular weight markers: aprotinin (6000), CGRP (3750 Da), and
bacitracin (1411 Da). Aliquots were analyzed for CGRP-immunore-
activity. Immunoreactive fractions were then analyzed using CGRP
radioreceptorassay. Immunoreactive and biologically active fractions
were subjected to reversed-phase HPLC on a C18 prosphere column,
using a linear gradient of $060% acetonitrile in 0.1% TFA. Flow
rate was 0.9 mL/min, and fractions were collected every minute. Optical
density was measured at 226 nm. Immunoreactive fractions were
subjected to radioreceptorassay, and positive fractions were then

carbon, was concentrated with a vacuum steam evaporator, and thernrepurified using the same column and a linear gradient of 26346

was dried by freeze dryer.

Radioimmunoassay (RIA).Immunoreactive CGRP was measured
following a previously described assay for human CGRB:(in brief,
an anti-CGRP antiserum at a final dilution of 1/200 000 was incubated
with serial dilutions of synthetic human CGRP or siki hydrolysate.
Antiserum was first incubated with tissue extracts or standard peptide
for 18 h at 30°C, and thert?y labeled human CGRP was added, and
the incubation continued for 24 h at°€. Bound and free hormone
was separated by charcoal-dextran precipitation. Control (specific

acetonitrile in 0.1% TFA.

Protein Determination. The protein concentration of each analyzed
fraction was quantified using the bicinchoninic acid protein assay
reagent from Interchim (Montlwn, France) using BSA as the standard
(26).

Statistical Analysis. Variance analyses (ANOVA) was performed
to determine the existence of significant differences between slopes
(Statgraphics plus software). A value pf< 0.01 was considered
statistically significant. ANOVA was also used to compare the adenylate

antibody omitted) tubes were incubated in each assay. The hydrolysatecyclase activities obtained in the different experimental conditipns (

was assayed in triplicate at multiple dilutions. Results were expressed
as the percentage of initial binding, 160B/B,, whereBy represents

the binding of labeled peptide in the absence of unlabeled hormone.
Linearization of the standard curves was achieved by plotting logit (In-
(B/Bo)/[1 — (B/By)]) as a function of In hormone or protein concentra-
tion. Only the straight lines that present a slope similar to that obtained
with the standard were considered as positive, that is, containing CGRP-
like molecules. The detection limit for radioimmunoassay was 10 pg
of immunoreactive peptide per tube.

Calcitonin-like immunoreactivity was also quantified by a specific
radioimmunoassay performed as described previously (8).

Liver Membrane Preparation. Liver membranes were prepared
using male Wistar rats according to the method of Neville until step
11 (22). Proteins were quantified by the method of Lowry et al. using
BSA as standard (23).

Radioreceptorassay (RRA).Receptor binding ability of immu-
noreactive molecules was developed using rat liver membranes and
128 labeled human CGRP. Incubations, in a 4f0final volume, were
performed at 22C for 1 h 24). At the end of the incubation, bound
and free ligand was separated by centrifugation in a solution containing
2% BSA. Each batch was tested at least with four increasing protein
concentrations, and only the straight lines presenting slopes similar to
that obtained with the standard hormone 1@0 pg/tube) were
considered as positive. Specific activity, as it represents the quantity
of CGRP-like molecules (pg) peg of protein, was calculated. Receptor
binding ability of each purified fraction (Edd was also determined
and expressed as the quantity of protein (mg) that induced a 50%

< 0.05).

RESULTS

1. CGRP Radioimmunoassay and Radioreceptorassay of
Crude Extract. Siki hydrolysate was resuspended in distilled
water at a concentration of 0.5 g/mL and was analyzed for the
presence of CGRP-like molecules. Radioimmunoassay showed
that the extract interacted with the antibody in the same manner
as unlabeled CGRP (Figure 1a), according to the absence of
significant differences between slopes of the straight lines
obtained. Subsequent radioreceptor assay demonstrated the
ability of the CGRP immunorelated peptides to interact with
the CGRP receptors in rat liver membranégy(re 1b). The
guantity of immunoreactive CGRP-like molecules in the crude
extract was 75 pg/mg of protein, and an inhibition of 50% of
the initial CGRP binding to their receptors (Ejpwas obtained
with 4.1 mg of protein. Furthermore, using a specific calcitonin
radioimmunoassay, no calcitonin-like molecules could be
detected in this siki hydrolysate (data not shown).

2. Molecular Sieving. Subsequently, the hydrolysate was
subjected to gel filtration chromatography to separate the
peptides according to their molecular weight. The different
fractions were collected every 10 min and then were analyzed
using CGRP-radioimmunoassdyidure 2a). Five main immu-
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Figure 1. Radioimmunoassay and radioreceptorassay of siki hydrolysate. (a) RIA: Effect of increasing concentrations of siki hydrolysate (@) and
unlabeled CGRP (O) on the binding of 12| labeled CGRP to its antibody. Correlation coefficients for the different lines were y = —1.38x — 4.08 (R? =
0.99) and y = —1.32x + 20.21 (R? = 0.97) for unlabeled CGRP and siki hydrolysate, respectively. (b) RRA: Effect of increasing concentrations of siki
hydrolysate on the hinding of 1% labeled CGRP to its receptors in rat liver membranes. Correlation coefficients for the different lines were y = —1.24x
- 1.46 (R? = 0.99) and y = —1.25x + 19.05 (R? = 0.98) for unlabeled CGRP and siki hydrolysate, respectively.
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Figure 2. Gel exclusion chromatography of the siki hydrolysate. (a) RIA: CGRP immunoreactivity of fractions resulting of molecular sieving of siki
hydrolysate on a HW Toyopearl column. (x) Fractions used in the subsequent radioreceptorassay. (b) RRA: Effect of increasing concentrations of the
immunoreactive fractions on the 12| labeled CGRP hinding to its receptor in rat liver membranes. Correlation coefficients for the different lines were y
= —1.44x - 0.94 (R?2 = 0.99, CGRP), y = —1.56x + 21.25 (R? = 1, Fr 3400 Da), y = —1.97x + 26.67 (R? = 1, Fr 2500 Da), and y = —1.57x + 20.52
(R? = 0.98, Fr 1500 Da).

noreactive fractions were found between 75 and 150 mL of Table 1. Quantity of CGRP-Like Molecules (Mean + Standard
elution. These fractions contained CGRP-like molecules and Deviation) in the Purified Fractions and EDs, Values (RRA)?
corresponded to molecules of different molecular weight, around

fraction [CGRP-like molecules],

4750, 3400, 2500, 1500, and 1000 Da. The second peak (3400 (yqlecular weight) pg/mg protein EDso,? (Mg protein)
Da) had the same elution volume as CGRP. The immunoreactive ~3100 Da 676+ 17.62 082
fractions were further subjected to radioreceptorassay, and only ~2500 Da 1108 + 168.70 078
three slopes were not significantly different to that obtained with 21500 Da 1191 +189.30 0.48

unlabeled CGRPHigure 2b). These slopes corresponded to
fractions including molecules around 3400, 2500, and 1500 Da, @ Each experiment was performed with five different dilutions in a single assay.
which were able to interact with the CGRP receptor in rat liver b Results of EDsy express the quantity of proteins (mg) inducing a 50% inhibition

. . . . of the CGRP-labeled binding.
membranes. The quantity of immunoreactive CGRP-like mol-
ecules was 2-fold lower in the 3400 Da fraction than in the binding to its receptors was lower with the smallest molecules,
fractions of 2500 and 1500 Da &ble 1). Interestingly, the suggesting that these molecules (1400 Da) were the most
quantity of proteins inducing a 50% inhibition of the CGRP effective in this assay (Table 1).
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Figure 3. Adenylate cyclase activity of the purified molecules. (a) Effect of CGRP-immunorelated molecules obtained after gel filtration chromatography
on the CGRP stimulated adenylate cyclase activity in rat liver membranes. Each bar represents the mean + standard deviation of one experiment
performed in quadruplicated. (x) p < 0.05 when compared to the basal level. (b) Effect of 1 uM CGRPg_3; on the stimulation of the adenylate cyclase
activity mediated by the CGRP-like molecules presented in the 1500 Da fraction. Basal level of adenylate cyclase activity: 279 + 3.83 pmol cAMP/mg
membrane protein/30 min (x) p < 0.05 when compared in samples with or without CGRPg_37.

3. Adenylate Cyclase AssayThe CGRP-like biological 0.14 1 A
effect of the CGRP-related molecules obtained after gel exclu- - 60
sion chromatography was assayed using the ability of CGRP %] o | 08 ¢
to stimulate the adenylate cyclase activity in rat liver membranes. = 0.10 0 2
Only fractions containing the highest level of inmunoreactive £ ta0 % 706 2
molecules were tested in this assay, that is, the 2500 and the§ | 5 E 3
1500 Da fractions. Interestingly, only the immunorelated CGRP- g 9% g 1048
like molecules from fraction 1500 Da were able to significantly 0.04 1 t2o ® £
stimulate the adenylate cyclase activity in rat liver membranes 002 | Lo | 02 —
(Figure 3a). Increasing protein concentrations between 0.1 and '

0 0.0

2 ug induced a dose-related stimulating activity, especially from  0.00
1 ug. With 2 ug of protein, the stimulated adenylate cyclase

activity represented a 46-fold increase over the control sample. _ _ _ _
In contrast, protein concentrations (62 ug) of the 2500 Figure 4. HPLC elution profile on C18 protein/peptide HPLC column of

fraction slightly stimulated adenylate cyclase activity, but this the immunoreactive molecules obtained after molecular sieving. A linear
effect was not significant. gradient (10-60% acetonitrile in 0.1% TFA) was used for 60 min. CGRP-

like molecules (a) were determined on an aliquot from each fraction.

10 20 30 40 50 60 70 80

Elution time, min

To demonstrate the specificity of the observed stimulation,

the effect of the 1500 Da fraction on the adenylate cyclase . ) . .
activity was measured in the presence and the absencetf1 ~ concentration of CGRP-like peptides was 2.36Gugsf protein,

oaCGRR_37 (Figure 3b). The peptideaCGRR 37 is a C- which is a very high increase when compared to the value for
terminal fragment of human CGRP with potent antagonist the crude extract (75 pg/mg protein). Furthermore, 50% inhibi-
properties. The cAMP production mediated by the CGRP-like 10N of the initial binding of unlabeled CGRP to its receptors
molecules was significantly blocked by additioncdEGRR_37, was obtained with 0.19 mg of protein. This is a 22-fold lower
which interfered with the binding between the CGRP-like Value than that obtained with the crude extracalfle 2).
peptides and their specific receptors in rat liver membranes. The  The positive fractions were mixed together and were subjected
effect oft CGRR:_s; was assayed with increasing concentrations {0 & sécond HPLC. Alinear acetonitrile gradient{25%) was

of 0.5—2ug of protein. The inhibitory effect was significant ~ then used for 60 min. The elution profile is showrFilgure 6.
with protein concentrations of 1 and /&y, representing an ~ CCGRP-like immunoreactivity was associated with a single

inhibition of cAMP production of 56 and 97%, respectively. prominent peak. The immunoreactive fraction was also able to
4. Purification by HPLC. To purify the CGRP-like peptides interact in the CGRP radioreceptor assay in a similar manner

2 mg of each immunorelated fraction (2500 and 1500 Da) was Ialf the unlljlbel(.ed CGRH;'ngZ(?b)‘ Conczntéatlon otf CGbRIP'
separately subjected to high-performance liquid chroma'[ographyo'I € peptld es .fmcrease (. 'h'b' 1!190, ?nh .Q’.O. r}ob'.ceda.‘ y ¢
(HPLC). A linear gradient 1660% acetonitrile was used for ecreased. Fifty percent inhibition of the initial binding o
60 min. A similar immunoreactive profile was obtained in both unlabeled C.GRP to its receptors was observed with only 0.01
cases (data not shown), so these fractions (2500 and 1500 Da}ng of protein (Tab"? 2). The final EE value was 410-fold
were mixed together and subjected to successive HPLC. A linear ower than that obtained with the crude extract.
gradient 10-60% acetonitrile was first used for 60 miRigure
4). The immunoreactive profile of this separation showed four DISCUSSION
main peaks at elution times of 22, 26, 28, and 30 min. In the present work, we report the occurrence of CGRP-like
These peaks were further analyzed using the CGRP radiore-molecules in siki (or dogfish) hydrolysate of industrial origin.
ceptor assay (Figure 5a). Only fractions eluted after 28 and 30 From 6930ug of protein present in the crude extract, we
min showed slopes similar to that obtained with unlabeled obtained &g of CGRP-like molecules after purification. These
CGRP. The purification factor obtained was around 31. The molecules were obtained with a purification factor of 79 and
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Figure 5. Radioreceptorassay of the immunoreactive fractions obtained after HPLC. (a) Effect of increasing concentrations of the immunoreactive fractions
obtained after the first HPLC on the 125-CGRP hinding to its specific receptors. Correlation coefficients for the different lines are y = —1.49x — 1.81 (R?
= 0.99, unlabeled CGRP), y = -1.91x + 22.18 (R? = 0.98, fr 22), y = —-1.41x + 15.41 (R? = 0.99, fr 26), y = —1.43x + 15.24 (R? = 0.86, fr 28),
and y = -1.30x + 14.22 (R? = 0.99, fr 30). (b) Effect of increasing concentrations of the immunoreactive fraction obtained after HPLC 13-26%
acetonitrile (fraction 29) on the 1%|-CGRP binding to its specific receptors. Correlation coefficients for the different lines are y = —1.50x — 3.61 (R? =
0.98) and y = —1.77x + 16.91 (R? = 0.88) for unlabeled CGRP and fraction 29, respectively.

Table 2. Purification of CGRP-Like Molecules Obtained from Siki
Hydrolysates

specific RRA
CGRP-like activity,? EDsp,°
proteins, immunoreactivity, pglug purification  mg
ug pg protein factor®  protein
crude extract 6930 520 0.075+0.00 41
gel exclusion 1400 308 0.22 +£0.07 2.93 1.08
HPLC1 13 31 236+034 315 0.19
(10-60)
HPLC 2 8 47 590+059 787 0.01
(13-26)

2The specific activity (mean + standard deviation) represents the quantity of
CGRP-like molecules (pg) per ug of protein. ® The purification factor is the ratio of
the specific activity of the crude extract to that obtained at each purification step.
¢ Results of EDsq express the quantity of proteins (mg) inducing a 50% inhibition
of the CGRP-labeled binding.
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Figure 6. Second HPLC elution profile. The CGRP-like molecules obtained
from the first HPLC chromatography were further purified on the same
HPLC column using a linear gradient from 13 to 26% acetonitrile in 0.1%
TFA for 60 min. The quantity of CGRP-like molecules (a) was determined
on an aliquot from each fraction.

20

80

presented a molecular weight around 250800 Da. Appar-

has been observed that the activation of adenylate cyclase by
CGRP leads to increases in intracellular cAMP, which can exert
the relaxation of smooth muscle in an underlying mechanism
where cGMP and protein kinase A are implied, leading in turn
to the activation of Krp™ channels (27). This effect was
obtained for peptide concentrations as low as@.1ln addition,

we demonstrated that the increased adenylate cyclase activity
observed after addition of the purified CGRP-like molecules
could be reversed in the presencecd®GRR—37, a specific
antagonist of CGRP action. This specific inhibitory effect
suggests that the CGRP-like molecules purified from siki
hydrolysate may be more similar @®CGRP, asaCGRR_37

can antagonize the relaxation induced d@GRP but not by
BCGRP (28). It might be of importance becay®eGRP and
oCGRP could modulate different physiological functions,
BCGRP being more involved in the inhibition of gastric acid
secretion in humans2). It is possible that there is a close
structural similarity between the purified CGRP-like molecules
from siki FPH and some CGRP fragments making an interaction
with the CGRP receptor possible in rat liver membranes. In
fact, it has been reported that several fragments of CGRP can
interact independently with the corresponding receptors. For
example, the CGRR3; fragment is an antagonist while
CGRR-7 is important for efficacy (16).

The presence of CGRP-like molecules in FPH has also been
reported in cod hydrolysates from heads, stomach, and viscera
(8) and in sardine hydrolysat8@). In these sardine hydrolysates
performed on a lab scale, the CGRP-like molecules identified
acted like inhibitors of CGRP action and are reported to have
molecular weight around 6000 Da, substantially higher than that
reported here for siki hydrolysate of industrial origin.

The broad variety of biological effects of CGRP possibly
mediated by several CGRP receptor subtypes implies that several
in vivo experiments may be performed to determine the real
effects of these obtained CGRP-like molecules in vertebrates.
In this field, some studies have described the beneficial effects
of short-term or prolonged infusions of CGRP in patients to
increase cardiac output and to decrease the blood pressure

ently, these CGRP-like molecules are slightly smaller than without changes in heart rat8%, 32). The capacity to exert
human CGRP (3500 Da) but could possess biological activities gastric acid protection by decreasing acid secretion and by
similar to those of human CGRP. They have the ability to increasing blood flow has also been documentk] 29, 33)
modulate the adenylate cyclase activity in rat liver membranes, as well as its role in the processing of auditive information and

as the neuropeptide CGRP do@d) In tissue preparations, it

facilitation of learning and memory processir&$(34, 35). All



5474 J. Agric. Food Chem., Vol. 55, No. 14, 2007

in vivo and in vitro assays performed with CGRP involve the
promising incorporation of the CGRP-like molecules into foods,
which could lead to the development of a new useful product
for health and nutrition-related markets. By inducing vasodi-
lation, the incorporation of CGRP-like molecules in functional

foods might be an important defense mechanism against the (12)
serious consequences of increased plasma volume including
edema, hypertension, and increased cardiac workload. Functional

Martinez-Alvarez et al.

(11) Gupta, S.; Mehrotra, S.; Villalon, C. M.; Garrelds, I. M.; de Vries,
R.; van Kats, J. P.; Sharma, H. S.; Saxena, P.; MaassenVan-
DenBrink, A. Characterisation of CGRP receptors in human
and porcine isolated coronary arteries: evidence for CGRP
receptor heterogeneitfur. J. Pharmacol.2006 530 (1-2),
107—-116.

Brain, S. D.; Grant, A. D. Vascular Actions of Calcitonin Gene-
Related Peptide and adrenomedullifhysiol. Re. 2004 84,
903—-934.

products with CGRP-like molecules might also have therapeutic (13) Li, Y.; Duckles, S. P.; Effect of endothelium on the actions of

potential in the treatment of another pathologies such as obesity

or gastric ulcer.

In summary, it has been demonstrated that the industrial

production of protein hydrolysate of siki (Centroscymnus

coelolepsis) could generate the production of CGRP related

sympathetic and sensory nerves in the perfused rat mesentery.
Eur. J. Pharmacol1992,210, 23-30.

(14) Ralevic, V.; Kahlil, Z.; Dusting, G. J.; Helme, R. D. Nitric
oxide and sensory nerves are involved in the vasodilator response
to acetylcholine but not calcitonin gene-related peptide in rat
skin microvasculatureBr. J. Pharmacol1992,106, 650—655.

molecules. These molecules are able to stimulate the adenylate 15) apdelhraman, A.; Wang, Y. X.; Chang, S. D.; Pang, C. C. Y.

cyclase activity in rat liver membranes. The protein hydrolysate
could exert a positive effect on humans, and its incorporation
in new functional foods should be taken into account. Further
work will concern the sequence and the in vivo tests of the
purified peptide.

ACKNOWLEDGMENT

We thank Mrs. Andrea Bullock for carefully reviewing the
manuscript.

LITERATURE CITED

(1) Imm, J. Y.; Lee, C. M. Production of seafood flavor from red
hake Urophycis chusgsby enzymatic hydrolysisl. Agric. Food
Chem.1999,47, 2360—2366.

(2) Benkajul, S.; Morrissey, M. T. Protein hydrolysates from Pacific
whiting solid wastesJ. Agric. Food Chem1997,45, 3423—
3430.

(3) Quaglia, G. B.; Orban, E. Enzymic solubilisation of proteins of

sardine (sardina pilchardus) by commercial proteasksSci.

Food Agric.1987,38, 263—269.

Liaset, B.; Lied, E.; Espe, M. J. Enzymatic hydrolysis of by-

products from the fish-filleting industry; chemical characterisa-

tion and nutritional evaluation). Sci. Food Agric.2000, 80,

581—-589.

Kristinsson, H. G.; Rasco, B. A. Biochemical and functional

properties of Atlantic salmon (Salmo salar) muscle proteins

hydrolysed with various alkaline proteas&sAgric. Food Chem.

2000,48, 657—666.

Fujita, H.; Yoshikawa, M. LKPNM: a prodrug-type ACE-

inhibitory peptide derived from fish proteinmmunopharma-

cology1999,44, 123—-127.

He, H.; Chen, X.; Sun, C.; Zhang, Y.; Gao, P. Preparation and

functional evaluation of oligopeptide-enriched hydrolysate

from shrimp (Acetes chinensis) treated with crude protease

from Bacillus sp. SM9801Bioresour. TechnoR006,97, 385—

390.

Fouchereau-Péron, M.; Duvalil, L.; Michel, C.; Gildberg, A.;

Batista, I.; Le Gal, Y. Isolation of an acid fraction from a fish

protein hydrolysate with a calcitonin-gene-related-peptide-like

biological activity. Biotechnol. Appl. Biochen1999,29, 87—

92.

Amara, S. G.; Jonas, V.; Rosenfeld, M. G.; Ong, E. S.; Evans,

R. M. Alternative RNA processing in calcitonin gene expression

generates mRNAs encoding different polypeptide products.

Nature 1982,298, 240—244.

Rosenfeld, M. G.; Amara, S. G.; Evans, R. M. Production of a

novel neuro peptide encoded by the calcitonin gene via tissue-

specific RNA processingNature 1983,304, 129—135.

4)

G

~

(6)

@)

®)

)

(10

Mechanism of the vasodilator action of calcitonin-gene
related peptide in conscious raBr. J. Pharmacol1992,106,
45—48.

(16) Bell, D.; McDermott, B. J. Calcitonin gene-related peptide in
the cardiovascular system: characterization of receptor popula-
tions and their (patho)physiological significandgharmacol.
Rewr.1996,48, 253—288.

(17) Hughes, J. J.; Levine, A. S.; Morley, J. E.; Gosnell, B.; Silvis,
S. E. Intraventricular calcitonin gene related peptide inhibits
gastric acid secretiorPeptides1984,5, 665—667.

(18) Lenz, H. J.; Mortrud, M. T.; Vale, W. W.; Rivier, J. E.; Brown,

M. R. Calcitonin gene related peptide acts within the central

nervous system to inhibit gastric acid secreti®egul. Pept.

1984,9, 271-277.

Ravallec-Plé, R.; Charlot, C.; Pires, C.; Braga, V.; Batista, |.;

Van Wormhoudt, A.; Le Gal, Y.; Fouchereau-Péron, M. The

presence of bioactive peptides in hydrolysates prepared from

processing waste of sardin8grdina pilchardus)J. Sci. Food

Agric. 2001,81, 1120—-1125.

Shahbazi, F.; Karila, P.; Olsson, C.; Holmgren, S.; Conlon, J.

M.; Jensen, J. Primary structure, distribution, and effects

on motility of CGRP in the intestine of the cod Gadus morhua.

Am. J. Physiol. Regul. Integr. Comp. Physit¥98,275, R19—

R28.

Fouchereau-Peron, M.; Arlot-Bonnemains, Y.; Taboulet, J.;

Milhaud, G.; Moukhtar, M. S. Distribution of calcitonin gene-

related peptide and calcitonin like immunoreactivity in trout.

Regul. Pept1990,27, 171—-179.

(22) Neville, D. M. J. Isolation of an organ specific protein antigen
from cell surface membrane rat livaBiochim. Biophys. Acta
1968,154, 540—552.

(23) Lowry, O. M.; Rosenbrough, W. J.; Farr, A. L.; Randall, R. J.
Protein measurement with folin phenol reagehtBiol. Chem.
1951,193, 265—275.

(24) Yamaguchi, A.; Chiba, T.; Yamatani, T.; Inui, T.; Morishita,
T.; Nakamura, A.; Kadowaki, S.; Fukase, M.; Fujita, T.
Calcitonin gene-related peptide stimulates adenylate cyclase
activation via guanine nucleotide-dependent process in
rat liver plasma membraneBndocrinology1988,123, 2591 —
2597.

(25) Chiba, T.; Yamaguchi, A.; Yamatani, T.; Nakamura, A.; Mor-
ishita, T.; Inui, T.; Fukase, M.; Noda, T.; Fujita, T. Calcitonin
gene related peptide receptor antagonist human CGRB7B
Am. J. Physiol1989,256, E331—-E336.

(26) Smith, P. K.; Krohn, R. I.; Hermanson, G. T.; Mallia, A. K.;
Gatner, F. H.; Provenzano, M. D.; Fujimoto, E. K.; Goeke, N.
M.; Olson, B. J.; Klenk, D. C. Measurement of protein using
bicinchoninic acid Anal. Biochem1985,150, 76-85.

(27) Quayle, J. M.; Bonev, A. D.; Brayden, J. E.; Nelson, M. T.
Calcitonin gene-related peptide activated ATP-sensitive K
currents in rabbit arterial smooth muscle via protein kinése.

J. Physiol.1994,475, 9-13.

(19)

(20)

(1)



Occurrence of a CGRP-Like Molecule in Siki Hydrolysate J. Agric. Food Chem., Vol. 55, No. 14, 2007 5475

(28) Van, Rossum, D.; Hanisch, U. K.; Quirion, R. Neuroanatomical (33) Tache, Y.; Goto, Y.; Gunion, M.; Lauffenberger, M. Inhibition

localization, pharmacological characterization and functions of of gastric-acid secretion by intracerebral injection of calcitonin
CGRP, related peptides and their receptiNiesurosci. Biobeha generelated peptide in ratsife Sci.1984,35, 871—878.
Rev.1997,21, 649—678. (34) Kovics, A.; Telegdy, G. Effects of intracerebroventricular

(29) Beglinger, C.; Born, W.; Hildebrand, P.; Ensinck, J. W; administration of calcitonin gene-related peptide on passive
Burkhardt, F.; Fischer, J. A.; Gyr, K. Calcitonin gene related avoidance behaviour in ratdleuropeptidesl992 23, 51—
peptides | and Il and calcitonin: Distinct effects on gastric acid 54.

secretion in humansGastroenterologyl 988,95, 958—965.

(30) Rousseau, M.; Batista, |.; Le Gal, Y.; Fouchereau-Peron, M.
Purification of a functional competitive antagonist for calcitonin
gene related peptide action from sardine hydrolysdestr. J.
Biotechnol.2001,4, 25-32.

(31) Dubois-Randé, J. L.; Merlet, P.; Benvenuti, C.; Sediame, S.; - - - - -
Macquin-Mavier, |.; Chabrier, E.; Braquet, P.; Castaigne, A.; Received for review February 2, 2007. Revised manuscript received
Adnot, S. Effects of calcitonin gene related peptide on cardiac APril 25, 2007. Accepted May 11, 2007. This work was supported by a
contractility, coronary hemodynamics and myocardial energetic grant from the European Community (Seafoodplus CT-2004-506359).
in idiopathic dilated cardiomyopathyAm. J. Cardiol.1992,70, A part of this work was presented at the Second Joint TransAtlantic
906—912. Fisheries Technology conference held in Quebec Canada (October

(32) Shekhar, Y. C.; Anand, I. S.; Sarma, R.; Ferrari, R.; Wahi, P. 2006). Oscar Martinez Alvarez is under a Spanish fellowship of the
L.; Poole, Wilson, P. A. Effects of prolonged infusion of human  Ministry of Education and Science.
alpha calcitonin gene-related peptide on hemodynamics, renal
blood flow and hormone levels in congestive heart failden.

J. Cardiol. 1991,67, 732—736. JF070302L

(35) Kovics, A.; Telegdy, G. Behavioral impairment induced by
calcitonin gene-related peptide (CGRP) antiserum in passive
avoidance reflex in ratsNeuropeptided994,26, 233—236.




