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The structure of procalcitonin of the salmon as deduced
from its cDNA sequence
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Oligonucleotide probes based on the known amino acid sequence of salmon calcitonin were used to screen

a ¢cDNA library obtained from ultimobranchial glands of salmon for clones encoding salmon calcitonin.

From the cDNA sequence of strongly hybridizing clones the complete primary structure of the calcitonin

precursor could be deduced. Its overall structure is identical with the structures of procalcitonins from other
vertebrates and has the highest homology with the chicken precursor.
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1. INTRODUCTION

The hormone calcitonin, a 32 amino acid pep-
tide, is involved in the regulation of calcium
metabolism and is secreted by C-cells which are of
neuroectodermal origin and are found in the
thyroid in mammals and in the ultimobranchial
gland of fish, amphibians and birds. Calcitonin of
higher and lower vertebrates is synthesized as a
precursor from which it is cleaved by (a) proteo-
lytic enzyme(s). In chicken, rat and human the
calcitonin gene encodes a second hormone, a 37
amino acid neuropeptide, calcitonin gene related
peptide (CGRP), which is also processed from a
precursor. In rat and human synthesis of calcitonin
and CGRP from one gene is regulated by a tissue
specific alternate mRNA splicing event [1-3]. The
very similar structures of mammalian and avian
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The nucleotide sequence presented here has been submit-
ted to the EMBL/GenBank database under the accession
number Y00765

chromosomal genes for calcitonin and CGRP [4]
suggest that regulation by alternate splicing occurs
also in the chicken, although there is no evidence
as yet for this event. The structure of salmon
calcitonin has been known since 1969 [5] and the
chemically synthesized hormone is in clinical use to
treat Paget’s disease and osteoporosis. The gene,
however, which codes for calcitonin in the salmon
is not yet characterized. Such characterization
could reveal whether salmon utilizes alternate
splicing to produce a CGRP, and help to elucidate
the nature of the immunoreactive salmon
calcitonin-like material detected in man [6,7], and
produced in vitro from mRNA of human
medullary carcinoma cells [4].

We report here the isolation and sequence of the
c¢DNA coding for salmon calcitonin-I precursor.

2. MATERIALS AND METHODS

2.1. Tissues

Ultimobranchial glands were collected from
freshly caught salmon during the first two weeks of
June 1984 at the Salmon farm of Froeya Fiske-
industri in Dyrvik, Norway. Immediately after
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removal they were frozen and stored in liquid
nitrogen.

2.2. ¢cDNA library construction, screening and
DNA sequencing

Total RNA was extracted from 70 g of ultimo-
branchial glands and surrounding connective tissue
using guanodinium thiocyanate [8]. After
oligo(dT)-Sepharose selection, the poly(A)* RNA
was converted into ¢cDNA using AMV reverse
transcriptase, RNase H and DNA polymerase 1
[9,10]. Nuclease S; and T4 DNA polymerase were
used to trim the ends, which were oligo(dC) tailed
and the cDNA was ligated into PstI-cut oligo(dG)-
tailed pBR322 and transformed into E.coli 5K
cells. A total of 50000 transformants was replica
plated on nitrocellulose filters and screened by
hybridization with two oligonucleotide probes.
One, EH7, was a mixture of 48 l4-mers, the
degenerate sequence of which corresponded to
amino acids 14-18 of calcitonin (fig.1), the other,
EH8, was a 54-mer with a unique sequence in
which degenerated codon positions were selected
according to codon usages in other eucaryotes
[11,12] and contained codons for amino acids 1-18
(fig.1). Oligonucleotides were labelled with T4
polynucleotide kinase and [y-*’P]JATP. After
hybridization which followed standard procedures
[9] filters were washed according to Wood et al.
[13]. Plasmid DNA from colonies which gave
positive signals with both probes EH7 and EH8
were purified by the boiling method [9] and were
digested with restriction endonuclease PstI. DNA
fragments were separated on agarose gels and
transferred to nylon filters. The fragments were
hybridized to probe EH8 as described for colony
hybridization.

For sequence analysis DNA was PstI cut and
subcloned into the PstI site of bacteriophage
M13mpl10, and was sequenced by the chain ter-
mination method [14].

3. RESULTS

From the primary and secondary screening of
the c¢cDNA library five independently derived
clones were identified, the DNA of which hybrid-
ized with both probe EH7 and EHS8. Plasmid DNA
from these clones was prepared and digested with
Pstl, and the DNA fragments were separated by
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agarose gel electrophoresis. The insert lengths were
found to be 4.2, 3.0, 2.0, 1.4 and 0.78 kb for the
five clones (not shown). A detailed characteriza-
tion of the five insert DNAS, including mapping of
DNA with different restriction enzymes,
hybridization of insert DNA to the EH8 probe and
calcitonin ¢cDNA and sequence analysis, revealed
that none of these five cDNAs were related to each
other and that only the clone with the DNA insert
of 0.78 kb length (clone 404) contained calcitonin
c¢cDNA. The other clones contained sequences fully
or partially homologous to oligonucleotide probes
EH7 and EHS8, but besides this showed no similari-
ty to calcitonin cDNA. The clone with the insert of
3.0 kb contained a sequence of 28 bp which was
only distantly related to the sequence of the EH8
probe, however, since it was repeated 18 times in
tandem the c¢DNA gave strong hybridization
signals with EH8 (not shown).

The 0.78 kb ¢cDNA insert of clone no. 404 car-
ried a Pst1 site within its sequence, so that cutting
with PstI produced two fragments of 430 and 350
base pairs. These PstI fragments were subcloned
into bacteriophage M13mpl0 and were sequenced.
The DNA sequence and the deduced amino acid se-
quence are depicted in fig.1. When this cDNA se-
quence was analyzed it was apparent that it
contained the complete procalcitonin sequence but
not the information for the N-terminal
methionine. The sequence of the clone 404 insert
started with codons for Ala-Ala-Pro which in
other calcitonin genes (fig.2) define amino acids at
positions 24-26 of the calcitonin precursor. In
clone 404 the 5’'-portion of calcitonin ¢cDNA is
therefore absent. In order to find the missing part,
the cDNA library was screened again by hybridiza-
tion with radioactively labelled calcitonin RNA
transcribed in vitro from the 430 bp PstI frag-
ment. A total of seven independently derived
clones gave positive signals. Plasmid DNA was
prepared from these clones, the inserts were cut
out with PsrI and their lengths were determined by
gel electrophoresis. Among these seven clones,
three had Pstl fragments longer than 430
nucleotides, indicating that they could contain
more sequence from the 5'-part of the cDNA. The
longest insert of approx. 500 bp was sequenced. It
carried the information for an in-frame
methionine and an additional 23 amino acids
leading into our already existing sequence. As
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N-terminal peptide
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31 46

C ATG GTT ATG ATG AAG CTC TCT GCC CTC CTC ATT GCC TAT TTC CTG GTC ATT
MET Val MET MET Lys Leu Ser Ala Leu Leu Ile Ala Tyr Phe Leu Val Ile

61
CAG ATG
Gln MET

76
GCA
Ala

TGT
Cys

TAC
Tyr

AGC TCA
Ser Ser

CAT
His

GCT
Ala

121
ACG
Thr

ACA
Thr

GAC
Asp

CAA
Gln

GTC
val

CTA
Leu

ACT
Thr

GAC
Asp

TAT
Tyr

166
AAG
Lys

181
ATG
MET

GTC
val

GAG
Glu

TTT
Phe

GTT
val

CAA
Gln

ACT
Thr

TCA
Ser

226 241

CCA
Pro

136
GAA
Glu

GAG
Glu

91
AGA ACT
Arg Thr

106
ATG
MET

GCC
Ala

GGT
Gly

TTA
Leu

GAG
Glu

TCC
Ser

151
CTC
Leu

GCC
Ala

CGA AGG
Arg Arg

CTA
Leu

AAC
Asn

GCC
Ala

ATC
Ile

196
CTG GAG
Leu Glu

211
AAT
Asn

GAA
Glu

CAA
Gln

CAA
Gln

GCC
Ala

GAA
Glu

Calcitonin

GGA
Gly

AAT
Asn

AGC
Ser

CTG
Leu

GAT
Asp

AGA
Arg

ccce
Pro

ATG
MET

TCC
Ser

ARG
Lys

tce
AGC
Ser

tgt tct aac
TGC TCC AAC
Cys Ser Asn

act
ACC
Thr

ctg
CTC
Leu

tgt
TGT
Cys

CGT
Arg

271

gtg
GTG

286
tct
TCC

ctg
CTG

ctg
CTG

ctg
CTG

ggt
GGC

aag
AAA

cag gag

GAG

cat
CAC

301
aag
AAA

316

TTG CAG ACG TAC CCC CGC ACC

Val Leu Gly Lys Leu Ser Gln Glu Leu

331 346

His

Lys Leu Gln Thr Tyr Pro Arg Thr

AAC
Asn

ACG
Thr

GGA
Gly

AGT
Ser

GGC
Gly

ACG
Thr

CcCT
Pro

GGC
Gly

AAG
Lys

AAA
Lys

376
CGC
Arg

C-terminal peptide
AGC CTG CCT GAG AGC
Ser Leu Pro Glu Ser

CGC
Arg

AAC
Asn

391
GGA GAC
Gly Asp

TAT
Tyr

GCA
Ala

AGC
Ser

TAT
Tyr

TCA TAT
Ser Tyr

GAT
Asp
442

452 462

GCCAAGTTAA

PstI
CCGACTGCAG

582
TTTTGACAGA

652
ATTTAGACTA

722
AAAAAAGTGT

792
TAATAAACAT

CCTCCCTCTG

522
ACCCAACCTT

592
GAATAAAATA

662
ACTCCCCTAT

732
TAATCAAAAC

802
AGTTGTTTAA

TTCCAGCCTA

53

GATGTCCCGC

60

TATAAGTACA

67

CTTAAGGTAG

74

AAAATCTTAA

2

2

2

2

406
GGA
Gly

GCCTGATGAT

AATGTCCCTC

AAGCAGAGTC

TATGATATCC

TCAACTGCTT

422 432
ATC TGA GCGGTACTCC CCTCCATCAG
Ile
472 482

TGCTGATGCA

492 502
TGTGGATCTT GCTTGCTTGA

542 552

CTCTCTTTTT

562 572
CTTTTGTTAA AATACCCTTT

612 622

CAATCCTTTA

632 642
GATTTAGAAA GTGAATAATG

682 692

CTATACTATA

702 712
GACGATCATT CACAATATAT

752 762 772 782

CTTCTTTCAA CCATGACTAG GGTTCTTGTT

Fig.1. cDNA sequence of salmon procalcitonin and deduced amino acid sequence. The putative cleavage sites of the
precursor are boxed. Hybridization probe EH8 is given in small letters, probe EH7 is underlined as is the putative
adenylation signal at the 3’-end of the cDNA.

there was only one extra bp to the 5'-side of this
methionine, it is possible that it is an internal
amino acid. However, by comparison with the
published structures of human and rat pro-
calcitonin [1,20] it is extremely likely to be the star-
ting methionine of the calcitonin precursor.

The amino acid sequence encoded by the cDNA
was compared with the known procalcitonin se-
quences of human, rat and chicken [1-4]. From
this comparison (fig.2) it is deduced that the
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precursor of salmon calcitonin has an N-terminal
sequence of 80 amino acids followed by a
putative cleavage site Lys-Arg which separates the
N-terminal sequence from mature calcitonin. The
calcitonin sequence is followed by a glycine which
is necessary for amidation of the terminal proline
of calcitonin and an additional cleavage site Lys-
Lys-Arg. The C-terminal peptide is 18 amino acids
long (fig.1). The cDNA characterized here encodes
the salmon isohormone calcitonin-I [15].
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N-terminal peptide

H 1 MGFQEKFFSIPFL] ALSILVLLQA GELHAAPFRS A”Eﬂspalpa

R 1 MGFLKFSIPFL VVSILLL CGLQ WVP|LIRIS TILES/SP-GMA

o 1 \' APVRP LESIE b SDYEARRL

S 1 MVMMKLSSALL] IAYF SHAAPA@T LESM QV  TLITDYEARRL

‘ ‘ Calcitonin

H 51 TARLVQDYVQ EREGSSLD] SPREKRCGNL STCMLGTYTRD

R 49 LAALVQNYM QEAEG|S/SLD| S|PRSKRCIGNL STCMLGITYT

C 39 LNA SEGNSLD Rﬂrsxnc S|L STCVLGKLSQ

S 50 LNAIVKEFVQ -Qﬁnzcnsno RPMSKRCSINL STCVLGKLSQ
‘ ‘ C-terminal peptide

H 99 Al KRDMSSDLEIR DHRPHVSMPQ NAN

R 99 SIGVIGAPGK KRDMAKDLET Waupyp -—-—- —--N

C 85 ELHKLQTYPR TDV TPGK KRNVLNDLDH YGETL GNN

S 97 ELHKLQTYPR TINTGSIGTPGK xasnp---@s sycnsy DGI

Fig.2. Comparison of amino acid sequences of calcitonin precursors of human (H), rat (R), chicken (C) and salmon

(S). The 5'-terminal sequence of chicken precursor cDNA has not been published yet. Amino acids identical to the

salmon precursor are boxed. Putative cleavage sites for the precursor are marked with asterisks. Sequences are from:

H [20], Genbank Genetic Data Bank, accession J00109; R [1], EMBL/Database accession V01228; C [4],
EMBL/Database accession X03012.

4. DISCUSSION

The deduced structure of salmon procalcitonin
is very similar to those of the human, rat and
chicken precursors. They all contain an N-terminal
sequence of 78-82 amino acids, the calcitonin se-
quence of 32 amino acids and a C-terminal peptide
of 16-21 amino acids. Comparison of these amino
acid sequences (fig.2) shows that they are paired in
terms of maximal homology: chicken and salmon
show high homology, as do human and rat, but
homology between the two pairs is lower. Gene
evolution of the calcitonin precursors has been
analyzed in more detail by Lasmoles et al. [4]. The
authors came to the conclusion that the calcitonin
sequences were strongly conserved during evolu-
tion up to the appearance of the mammals, and
that the three different sequences comprising the
precursor for calcitonin had had different rates of
divergence during evolution, the calcitonin se-
quence being the most conserved. Our results are
in agreement with these conclusions. Amino acid
sequence homologies (fig.2) between salmon

calcitonin and the three calcitonins of chicken, rat
and human are 84% (27/32), 53% (17/32) and
50% (16/32), respectively. Similar numbers are ob-
tained for the N-terminal peptide, namely 75%
(52/69), 43% (34/80) and 50% (40/80), whereas
the C-terminal peptide of the salmon has far less
homology with the corresponding peptides of the
other species. The functions of the N-terminal and
C-terminal peptides of the procalcitonin are not
known.

In the rat and human two different genes for two
slightly different CGRPs, « and 3, are expressed
[16,17]. The #-CGRP gene of man also encodes in
its exon 4 a calcitonin-like sequence [18,19]. How-
ever, this second calcitonin sequence seems not to
be expressed in humans and may be a pseudogene.
On the other hand it has been reported that a
salmon-like calcitonin is expressed in humans [6,7]
and mRNA directing the synthesis in vitro of a
peptide which cross-reacts with antisera directed
against salmon calcitonin was extracted from a
medullary carcinoma [4]. With the salmon
calcitonin ¢cDNA in hand it will now be possible to
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screen a cDNA library from medullary carcinoma
and/or a human genomic library for the presence
of salmon calcitonin-like DNA sequences.
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