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Abstract

The structure and biological activities of calcitonin and the preprocalcitonin amino-terminal cleavage
peptide were examined. In brief, full length sequence of the sardine procalcitonin that composed of
procalcitonin amino-terminal cleavage peptide (N-proCT) (53 amino acids), calcitonin (CT) (32
amino acids), and procalcitonin carboxyl-terminal cleavage peptide (C-proCT) (18 amino acids) was
determined. Using a bioassay with goldfish scales, N-proCT (10”7 M) was shown to activate
osteoblastic marker enzyme activity and promote the mRNA expressions of osteoblastic markers.
From Brockmann bodies of the medaka (Oryzias latipes), CT-like substances that reacted to anti-CT
antibodies were separated using reversed-phase HPLC. The identified CT-like substance had
bioactivity in rats.

Immunoreactive calcitonin-producing cells (iICT) were found in the nervous system of the
polychaete with immunohistochemistry. It was found that iCT-producing cells were located
bilaterally in each segment of the ventral nerve cord. This suggests that iCT-producing cells have
some functional role in the nervous system.

Taking the above results into consideration, CT presents in invertebrates as well as in vertebrates and
has some functions. CT has been changed to have a new role in regulating calcium in vertebrates
with bone; however, it is thought that CT is originally produced in the nervous system and acts
locally as a neurohormone. Ectopic iCT found in Brockmann bodies of medaka is possibly a CT
remnant originally produced in the nervous system. In addition, N-proCT was thought to play a
physiological role in acting on osteoblasts and regulating bone metabolism, not only in sardines but

also in other vertebrates.
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Fig. 1. Effects of sardine CT (A) and sardine N-proCT (B) on ALP activities in cultured scales

incubated for 6 hours
** indicates a statistically significant difference at p <0.01 from the values of control scales (n = §).
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Fig. 2. Effects of sardine CT (A) and sardine N-proCT (B) on TRAP activities in cultured scales
incubated for 6 hours

* %k and *** indicate statistically significant differences at p < 0.05, p < 0.01, and p < 0.001,
respectively, from the values of control scales (n = 8).
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Fig. 3. Effects of sardine CT and sardine N-proCT on type 1 collagen (A: CT; B: N-proCT) and
osteocalcin (C: CT; D: N-proCT) mRNA expressions in cultured scales incubated for 6 h

* and ** indicate statistically significant differences at p <0.05 and p <0.01, respectively.

n=9 samples; one sample from one fish.
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Fig. 4 Reversed-phase HPLC on an ODS-120T column.
Sample: crude extract of medaka Brockmann bodies; flow rate, 1 ml/min; fraction size, 3 m/tube.
Solvent system: linear-gradient elution from 20% to 80% CH3CN in 0.1% TFA for 60 min.
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Fig. 5. Molecular weights of immunoreactive calcitonin (CT) in medaka Brockmann body extract.
The positive fractions (Nos. 7, 10, 11, and 12) from Western blotting with anti-calcitonin antiserum
and extracts of the ultimobranchial glands of stingrays are compared. The arrows show
immunoreactive CT of 20 kDa in Fraction 10 and stingray CT.
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Fig. 6. Changes in serum calcium (Ca) levels in rats after the administration of Fraction 7 (O), 10
(@), 11 (), 12 (1)), or the vehicle (A).
The vertical bars show the SE. n=5 for each fraction; n = 6 for the vehicle. *Significantly different
from the value for the vehicle only (p <0.001)
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Fig. 7. Changes in serum inorganic phosphorus (P1) levels in rats after the administration of Fraction
7(0), 10 (@), 11 (A), 12 (L), or the vehicle (A).

The vertical bars show the SE. n= 5 for each fraction; n = 6 for the vehicle. Significantly different
from the value for the vehicle: * p <0.05, **p <0.01, ***p <0.005, ****p <(0.001
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Cerebral ganglia‘(zoo individuals)

Added to 5 ml of distilled water

4

Boiled for 10 min

Cooled and acidified with glacial acetic acid
to make a final concentration of 1 M

Homogenized at 4°C with a glass homogenizer
Centrifuged at 25,000 x g for 10 min at 4°C
Supernatant (crude extract)

Acetone (66%) treatment
1
Dialyzed to remove
low MW substance (less than 2,000)
2
Fractionated with ultrafiltration membrane
systems into MW 3,000 to 10,000

Fig. 8. The procedure for preparing and fractionating crude extracts from cerebral ganglia in the

polychaete Perinereis aibuhitensis
Cerebral ganglia were collected from 200 individuals. These ganglia were homogenized and

centrifuged. The separated superatants were treated with 66% acetone and then dialyzed to remove

low molecular weight (MW) substances (less than 2,000). Thereafter, the sample was fractionated
with an ultrafiltration membrane system into MWs of 3,000 to 10,000.
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Fig. 9. Schematic drawings showing the distribution and number of immunoreactive calcitonin cells
(black spots) in the polychaete Perinereis aibuhitensis

The size of the black spots indicates the strength of the positive reaction.

CG: cerebral ganglion; SG: subpharyngeal ganglion; VNC: ventral nerve cord
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Fig. 10. Immunoreactive calcitonin (iCT) cells in the polychaete Perinereis aibuhitensis
A cerebral ganglion (anterior region); B: cerebral ganglion (posterior region); C: ventral nerve cord.
Arrowheads indicate iCT cells.



—t

FEH

. XX aOVAIERANVANFT vEAIZKY . T4 T 2D NproCT [TERRL

—h—THBTIA) TART7E—EEEZERSEHERY, BRI —D
—TH5 1 A7 U RUFTZATAHILY VD mRNA DFRZ LT 5EYFREE
MZEHELTWSCEZERL

. WHED HPLC ZRAWVT, AZADTO v o7 U iIMAOEIN 5. #it7 CT ik

[ZRIET R FEH20kDa O CT BB ERBELT -, SBICCOYENT Y i
FHCaBEXETIELEEEZETHI NI o=, COWEILCT DRIEMATH
AAEREENELEEZ DT,

. YT CT fuR AV EPNTERICL Y. TA I H A ORI+ T

<, BE MEEE R UREHHERIC CT B EEEiaE R Lz, CTHYEEE
HRAI ISR RN CIAEEI CEARTNFEE L TS 2 e D, #RRICELTH
DODEEEEREIZRT S EAVRE SNz, Ff=. CTHYEODHFEMEER
D CT LEWEDHI35kDa THAHZ EBHEALT=,

10



T2 9F8A 1A
FPHAXEERESE (F)
1. SURIEE GEECSATRREMI 52 L.)

.....................................................................................

2. mxiEHE QOF R B AT A ZEEREIR
Ok % _ Ak §”
3. EEEROEE (600~650F)

............................................................................................

......................................................

...................................................................................................

......................................................................................

4. FEGE O #H  E OFTABCOR - ek
| (2) |E2A B 4 GEE) |






