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Verasper moseri, are Derived from a Single Gene
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2Department of Applied Biochemistry, Graduate School of Agricultural and Life Sciences,
The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan

ABSTRACT—We have purified and characterized two molecular forms of insulin from the Brockmann bod-
ies of barfin flounder, Verasper moseri: a normal type of insulin (insulin-1), which consisted of 21 amino acid
residues for the A-chain and 30 residues for the B-chain, and a novel type of insulin (insulin-11), which had an
extension of two amino acid residues at the N-terminus of the B-chain. The additional two residues at the N-
terminus of B-chain of insulin-Il were Pyr-Ala which had not yet been reported in vertebrate insulins. Except
for these two residues, the amino acid sequence of insulin-Il was completely identical with that of insulin-I.
Each Brockmann body extract from five individuals contained both insulins, indicating that insulin-1 and -II
were the products of non-allelic expression. By polymerase chain reaction, only one nucleotide sequence of
preproinsulin gene encoding insulin-l and -1l was obtained, and the amino acid sequence of A- and B-chains
deduced from the nucleotide sequence was identical with that of insulin-I and also insulin-1I established by
Edman degradation. Furthermore, genomic Southern blot analysis using a part of nucleotide sequence of the
preproinsulin gene as a probe showed a single positive band in all cases of genomic DNA digested with each
of three restriction endonucleases. These results indicate that insulin-I and -Il of barfin flounder arise from a

single preproinsulin by proteolytic cleavage at different sites of the signal peptide region.

INTRODUCTION

Insulin is a key hormone for anabolism in fish. It stimu-
lates the uptake of glucose and amino acids by the skeletal
muscle and liver, and increases the rate of protein synthesis
in these tissues (Mommsen and Plisetskaya, 1991). It also
shows growth-promoting effect in fish. Duan and Hirano (1992)
reported that insulin at physiological concentrations may di-
rectly exert growth-promoting actions on the branchial carti-
lage of the eel. Others have also reported the possibility that
insulin accelerated growth in fish (Ludwig et al., 1977; Ablett
et al., 1981; Plisetskaya et al., 1991; Sundby et al., 1991).
Furthermore, it is thought that insulin is involved in
smoltification (Plisetskaya et al., 1988) and spawning migra-
tion in salmon (Plisetskaya et al., 1987). Thus, insulin is a
multi-functional hormone that regulates several physiological
phenomena in fish.

For the last three decades, insulins have been purified
and characterized from over 60 species of vertebrates. Most
of these species contain a single molecular form of insulin.
However, it was reported that some species of fish, such as
bonito (Katsuwonus pelamis; Yamamoto et al., 1960; Kotaki
etal., 1962), toadfish (Smith, 1966), Pacific ratfish (Hydrolagus
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colliei; Conlon et al., 1989) and paddlefish (Polyodon spathula;
Nguyen et al., 1994), contain multiple molecular forms of in-
sulin.

In the present study, we examined by purification and
amino acid sequence determination of insulins whether a spe-
cies of flounder, Verasper moseri (barfin flounder), contained
multiple molecular forms of insulin or not. In addition, we ana-
lyzed nucleotide sequence of a preproinsulin gene.

MATERIALS AND METHODS

Extraction and purification of flounder insulins

Insulins were extracted essentially according to Conlon et al.
(1987) with slight modification. The Brockmann bodies (550 mg) on
the gall bladder were taken from cultured barfin flounder (body weight:
4-6 kg; N = 4) and stored at —40°C until extraction. The frozen
Brockmann bodies were minced by scissors and homogenized in 10
ml of ethanol/0.7 M HCI (3:1, v/v) using a Teflon-glass homogenizer.
The homogenate was stirred overnight at 4°C and centrifuged at
10,000 x g for 20 min at 4°C. The ethanol was removed from the
supernatant by vacuum centrifugation. The resulting precipitate was
removed by centrifugation at 10,000 x g for 10 min at 4°C. The super-
natant was taken out, added with trifluoroacetic acid (TFA) to the final
concentration of 0.1%, and applied to two Sep-Pak C18 cartridges
(Millipore, Milford, MA, USA) connected in tandem. After washing with
0.1% TFA, the cartridges were eluted with 80% acetonitrile in 0.1%
TFA. This eluate was concentrated to 500 pl by vacuum centrifuga-
tion and added with TFA to the final concentration of 0.1%. The re-
sulting solution was injected onto an ODS-120T column (2.0 x 150
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mm, Tosoh, Tokyo, Japan), and eluted with a linear gradient formed
from water/TFA (100:0.1, v/v) to acetonitrile/water/TFA (50:50:0.1,
v/v) at a flow rate of 100 pl/min for a 115-min and at column tempera-
ture of 30°C. The collected fractions were subjected to mass spectral
analysis using a Kompact MALDI Ill time-of-flight mass spectrometer
(Shimadzu, Kyoto, Japan) with 2-(4-hydroxyphenyl-azo) benzoic acid
as the matrix in the positive ion and linear modes. The accuracy of
this machine is specified to be 0.2%. The fractions which showed a
prominent peak around m/z 6000 were dried by vacuum centrifuga-
tion, and were separately injected onto a u RPC C2/C18 SC column
(2.1 x 100 mm, SMART system, Pharmacia, Uppsala, Sweden) un-
der the same conditions as in the previous HPLC except for the ac-
etonitrile concentration which was increased from 0 to 22.5% (v/v)
over 5 min, to 42.5% (v/v) over 70 min and to 50% (v/v) over 10 min.
Absorbance was measured at 280 nm.

Enzyme immunoassay

Insulin-like immunoreactivity of the fractions from the chromatog-
raphies were measured by an enzyme immunoassay (EIA) system
using anti-bovine insulin antiserum and horseradish peroxidase-
bovine insulin complex as labeled hormone (Andoh and Nagasawa,
1997).

Structural analysis

The peptides in the fractions which showed a prominent peak
around m/z 6000 in the mass spectrum were reduced and
carboxymethylated. The carboxymethylated derivatives were sepa-
rated according to Andoh and Nagasawa (1997). Amino acid se-
quences were determined by automated Edman degradation using a
protein sequencer, Applied Biosystems 476A (Perkin Elmer, Norwalk,
CT, USA) in the pulsed-liquid mode.

Digestion with pyroglutamate aminopeptidase

The eluate from HPLC containing S-carboxymethylated B-chain
was concentrated to 10 pul by vacuum centrifugation and incubated at
50°C for 48 hr with 1 mU of Pfu pyroglutamate aminopeptidase
(Takara, Otsu, Japan) in 100 ul of 50 mM sodium phosphate buffer
(pH 7.0) containing 1 mM EDTA and 10 mM DTT. To stop the diges-
tion, TFA was added to the final concentration of 1% (v/v) and the
solution was injected onto a p RPC C2/C18 SC column. The elution
condition was the same as those in the first HPLC step except for the
gradient program. Elution was carried out with a 100-min linear gradi-
ent.

Extraction and purification of insulins from a single individual

Brockmann bodies (51-124 mg, N = 5) was used and extracted
individually essentially according to Cutfield ef al. (1986). The pre-
cipitates of the extracts by diethylether-ethanol treatment were air-
dried and dissolved in 3 M acetic acid. After centrifugation at 10,000
x g for 10 min at room temperature, each supernatant was injected
onto an ODS-120T column (2.0 x 150 mm, Tosoh). The elution con-
ditions for HPLC were the same as those in the first HPLC step. The
materials eluted near the retention time of the fraction collected at the
first HPLC step were collected peak by peak manually by monitoring
absorbance at 280 nm. An aliquot of each fraction was subjected to
N-terminal amino acid sequence analysis up to the fifth residue. Mass
spectrum of each fraction was also measured.

Nucleotide sequence analysis of preproinsulin gene from ge-
nomic DNA

Genomic DNA was extracted from the liver (0.1 g) of barfin floun-
der using Catrimox-14 (lowa Biotechnology Corp., Oakdate, IA, USA)
or GenTLEkun (Takara), according to the manufacturally protocol.
Three steps of polymerase chain reaction (PCR) were performed for
amplification of the preproinsulin gene(s). The first PCR was performed
using genomic DNA and two degenerate oligonucleotide primers, 5'-
CGCCCTCTATCTGGT(CG)TG-3" and 5-GCACTGCTCTAC(AG)
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AT(AG)CC-8', which correspond to the conserved internal region of
B-chain and N-terminal region of A-chain of preproinsulin of fish. The
PCR was carried out on a DNA thermal cycler, model 9600 (Perkin
Elmer) for 30 cycles; each cycle consists of reactions at 94°C for 30
sec, 50°C for 30 sec, and 72°C for 60 sec. The amplified PCR prod-
uct was separated by electrophoresis on 1% agarose gel. A band
was excised, purified, and cloned into the pT7Blue T-Vector (Novagen
Inc., Madison, WI, USA). The nucleotide sequences of both strands
of each of four clones selected randomly were analyzed by the
dideoxynucleotide chain termination method (Sanger et al., 1977).

The second PCR was performed using LA PCR in vitro cloning
kit (Takara) according to the manufacturally protocol. This kit is de-
signed for amplification of 5'-upstream region or 3'-downstream re-
gion of already-known sequences by nested PCR using two sets of
primers from genomic DNA. EcoRI and Xbal were used in this experi-
ment. Degenerate oligonucleotide primers which corresponded to the
C-terminal region of B-chain, the N-terminal region of C-peptide and
the region connecting C-peptide and A-chain were designed from the
sequence established by the first PCR. In amplification of 3'-down-
stream region of A-chain, 5'-GAGACGTGGACCCTCTGCTG-3' and
C1 primer from the kit, and 5-GATGATGGTGAAGCGAGGCA-3' and
C2 primer also from the kit, were used in primary and secondary PCR,
respectively. The primers for amplification of 5'-upstream region of B-
chain were 5-TGCCTCGCTTCACCATCATC-3'and C1 primer for the
primary PCR, and 5-TTGGGGGTGTAGAAGAAGCC-3' and C2
primer for the secondary PCR. Each PCR was carried out for 30 cycles
each consisting of reactions at 94°C for 30 sec, 55°C for 120 sec, and
72°C for 60 sec. Nucleotide sequence analysis was carried out by the
same method as described above.

The third PCR was performed using degenerate oligonucleotide
primers which corresponded to 5'-upstream region of signal peptide
including the initiation codon (ATG) and C-terminal region of A-chain
established by the second PCR. The primers used were 5'-
TTTCAGTTTTCCTCCAAGATG-3' and 5-TCAGTTGCAGTAGTTC-
TGCA-3'. The PCR conditions were the same as those of the second
PCR.

Nucleotide sequence analysis of preproinsulin cDNA

Total RNA was extracted from the Brockmann body (20 mg) of
barfin flounder by using a kit (RNeasy; Quiagen, Hilden, Germany),
and was transcribed into cDNA by a reverse transcriptase (M-MLV
reverse transcriptase; Promega Inc., Madison, WI, USA) at 42°C for
1 hr. Nested PCR was performed by using the obtained cDNA and
two sets of degenerate oligonucleotide primers. The primers for the
primary PCR were 5-ATGGCGGCGCTGTGGCTCCAGTCT-3' cor-
responding to the N-terminus of signal peptide and 5'-CTAACGGAC-
TCCGGGCTGAGCGGC-3' corresponding to 3'-downstream region
of A-chain. The primers for the secondary PCR were 5'-TCTCTGCT-
CGTCCTAATGCTCGTG-3' corresponding to the central region of sig-
nal peptide and 5'-TCAGTTGCAGTAGTTCTGCAGGTC-3' corre-
sponding to the C-terminus of A-chain. The PCR conditions were the
same as those in the second PCR step for genomic DNA. Nucleotide
sequence analysis was carried out by the same method as above
except for a cloning vector. The pGEM T-Vector (Promega Inc.) was
used in this analysis.

Southern blot analysis

Genomic DNA (10 ug) was digested separately with BamHl,
EcoRl and Hindlll, electrophoresed in a 0.8% agarose gel, and blot-
ted onto a nylon membrane (Qiabrane; Qiagen). As a probe for South-
ern hybridization, a part of genomic DNA encoding preproinsulin was
amplified by nested PCR as described in preproinsulin cDNA sequence
analysis, and labeled with alkaline phosphatase by a labeling kit
(AlkPhos Direct; Amersham, Buckinghamshire, UK). The membrane
was hybridized with this probe in AlkPhos Direct hybridization buffer
containing 0.5 M NaCl and 4% Blocking reagent (Amersham) at 55°C
overnight. The membrane was washed twice in 50 mM phosphate
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buffer (pH 7.0) containing 2 M urea, 0.1% SDS, 150 mM NaCl, 10mM
MgCl, and 0.2% Blocking reagent at 60°C for 10 min, and once in 1 M
Tris-HCI (pH 10.0) containing 2 M NaCl at room temperature for 5
min. Hybridization signals were detected by using chemiluminescence
detection solution (CDP-star; Amersham) and X-ray film (Hyperfilm-
ECL; Amersham).

RESULTS

Purification of insulins

The elution profile of the Brockmann body extract from
barfin flounder is shown in Fig. 1. The fraction that elutes at
77-79 min showed insulin-like immunoreactivity by the EIA.
This fraction was injected onto a u RPC C2/C18 SC column
for further purification (Fig. 2). Two major peaks (material-|
and -11) were obtained, and these were found to be insulins of
barfin flounder. The final yields of both materials from 550 mg
of the Brockmann bodies were estimated to be 5 nmol por-
cine insulin equivalents based on its absorbance (1.06) at 276
nm at the concentration of 1 mg/ml water for convenience.
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Fig. 1. Fractionation of an extract from barfin flounder Brockmann
bodies by HPLC. An extract after partial purification on Sep-pak car-
tridges was chromatographed on an ODS-120T column. The fraction
of the shaded area was subjected to further purification.
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Fig.2. Purification of candidates of barfin flounder insulins by HPLC.
Material-1 and material-1l from the first HPLC step were purified to
homogeneity on a u RPC C2/C18 SC column. The shaded areas of
each material were subjected to amino acid sequence analysis after
reductive carboxymethylation.
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After reductive carboxymethylation, putative A- and B-chains
were obtained from each of the materials by reversed-phase
HPLC (profiles not shown).

Characterization of barfin flounder insulins

Automated Edman degradation was successful for both
chains of material-l and the putative A-chain of material-Il.
The amino acid sequences (Fig. 3) were in good agreement
with the mass spectral data. Measured and calculated values
for (M + H)" were m/z2672 and m/z 2674 for putative A-chain
of material-I, m/z 3457 and m/z 3461 for putative B-chain of
material-l, m/z 2674 and m/z 2674 for putative A-chain of
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Fig. 3. Comparison of the primary structures of barfin flounder
insulins to insulins of other vertebrates. The sequences of A- and B-
chains were established by amino acid sequence analysis, while those
of signal peptides and C-peptides were deduced from the nucleotide
sequence. Pyroglutamic acid residue is represented as pQ. The se-
quences were cited from (1) the present work; (2) Platichthys flesus,
Conlon et al. (1987); (3) Lophius americanus, Neumann et al. (1969);
(4) Cyprinus carpio, Makower et al. (1982); (5) Oncorhynchus keta,
Rusakov et al. (1990); (6) Torpedo marmorata, Conlon and Thim
(1986); (7) Myxine glutinosa, Peterson and Steiner (1975); (8)
Lampetra fluviatilis, Conlon et al. (1995); (9) L. americanus, Hobart et
al. (1980); (10) C. carpio, Hahn et al. (1983); (11) O. keta, Koval et al.
(1989); (12) M. glutinosa, Chan et al. (1981); and (13) Anguilla anguilla,
Conlon and Thim (1989). N-Terminal Lys residues of C-peptides in
each species except for hagfish are C-terminal residues of B-chain. It
is possible that Arg of N-terminus of the eel C-peptides is cleaved by
proteolysis. Asterisks indicate amino acid sequences deduced from
nucleotide sequences.
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material-Il, respectively. On the other hand, significant
phenylthiohydantoin (PTH) -amino acid was not obtained for
the putative B-chain of material-1l, suggesting a blocked N-
terminus. Pyroglutamate aminopeptidase digestion of this
peptide removed the blocked N-terminus, indicating that the
N-terminus of the putative B-chain of material-Il was a
pyroglutamate. Protein sequencing of the deblocked peptide
identified 31 amino acid residues (Fig. 3). This was confirmed
by comparison of mass spectra of the peptides before and
after pyroglutamate aminopeptidase digestion, m/z 3639 and
m/z 3527, respectively. The difference between undigested
and digested peptides was 112, which corresponded to the
molecular mass of a Pyr residue. The primary structure of the
putative A-chains of these two materials was identical and
also identical with that of P. flesus insulin. Therefore, we con-
cluded that material-l and material-Il were insulins of barfin
flounder, and designated as barfin flounder insulin-I and -II,
and were compared with insulins from other vertebrates (Fig.
3). The amino acid sequence of B-chain of insulin-Il consisted
of 32 residues, and is completely identical with that of insulin-
| except for an extension of two amino acid residues at the N-
terminus.

Production of insulin-l and -ll by a single individual

The elution patterns of Brockmann body extracts from
five individuals in an ODS-120T column were quite similar to
one another (three profiles from five individuals are shown in
Fig. 4), and two peaks were observed at nearly the same re-
tention times as those for the barfin flounder insulins. The
prominent peaks in the mass spectra of these two fractions
were observed at m/z5779 and m/z 5964, whose values were
almost equal to the calculated ones, m/z 5781 and m/z 5964,
of insulin-I and -, respectively. Furthermore, the N-terminal
amino acid sequences of these two peak materials from an
individual were analyzed up to the fifth residue without reduc-
tive carboxymethylation. The first peak gave a pair of PTH-
amino acids, (GV)(IL)(VP)(EP)(Q), and the latter peak gave a
single PTH-amino acid, GIVEQ, at each cycle. These indi-
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Fig. 4. Profiles of individual extracts from Brockmann bodies by re-
versed phase HPLC. Brockmann body extracts from each of three
individuals of barfin flounder were fractionated on an ODS-120T col-
umn. The materials from shaded areas which were eluted near the
time of insulin-I and -Il were directly subjected to N-terminal amino
acid sequence and mass spectral analyses.
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cated that these two materials were insulin-1 and -Il and that
both insulins were produced by a single barfin flounder.

Nucleotide sequence of a genomic DNA encoding
preproinsulin

Genomic DNA encoding preproinsulin was amplified by
three steps of PCR. Positions of the amplified DNA segments
in preproinsulin gene are shown in Fig. 5 and the nucleotide
sequences determined are shown Fig. 6. Only one product
(0.28 kbp) was amplified in the first PCR and the nucleotide
sequence contained a region encoding C-terminus of B-chain
and C-peptide.

In the second PCR, a nucleotide sequence (0.54 kbp)
encoding the signal peptide and the N-terminal region of B-
chain was amplified from the genomic DNA digested with Xbal.

1.?kb

2nd

cDNA

Fig. 5. Structure of a barfin flounder preproinsulin gene and strat-
egy for sequence determination. Coding regions are indicated by the
boxes and non-coding regions containing intron are indicated by the
thin line. S, B, C and A indicate a signal peptide, B-chain, C-peptide
and A-chain, respectively. Arrows with “1st”, “2nd”, “3rd” and “cDNA”
indicate amplified segments by each step of PCR.

ac ttc ttc acc tcc tec tec tit ttg tgt gtt tct agt tct ttc cct atg ttc tca ctc 59
cat ttt cat cct ttg ctt ctc ctc gtc ttc agt tat ttt cag atc cgt cat ctc tta agg 119
toa aac gat ttg aaa cct ctt cac tga tgt ctt cat gtc aaa act gaa agc tga ttt agt 179
tta gaa aaa taa tat gta_taa aaa aag act tca gat gaa gaa tcg gtc tca ttg tecg gac 239
ggt gcc aac att toa aca atc tat ttt ttc caa get ttc att taa aca atg ata aga taa 299

aag cgt gtg ttt cag ttt tcc tcc aag ATG GCG GCG CTG TGG CTC Cé(i T(SZT GTC TgT 76 359

CTC GTC CTA ATG CTC GTG TCA TGG TCG GGC TCC CAG GCC GTG CTC CCC CCA CAG CAC CTC 419
TCA TG6 TCG GGC TCC CAG GCC GTG (TC CCC CCA CAG CAC (TC 42
L VvV L M L V S W S &G S Q A V L P P Q H L 31

TGT GGC GCT CAC CTG GTC GAC GCC CTC TAC CTG GTC TGT GGC GAG AGA GGC TTC TTC TAC 479
TGT GGC GCT CAC (TG GTC GAC GCC CTC TAC (TG GIC TGT GGC GAG AGA GGC TTC TTC TAC 182
¢ 6 A H L v D A L Y L V C 6 E R G F F Y 51

ACC CCC AAG AGA GAC GTG GAC CCT CTG (TG Ggt gag aac atg aca gct tta aac aca gaa 539

ACC CCC AAG AGA GAC GTG GAC CCT CTG (TG G 133
T P K R D vV D P L L G

cct tga aat gaa cca gaa ctt cct coa cag tca ctt ggo ctc ggt ctc atg age aac tcg 599

tgt ctc tca gGT TTC CTT CCT GCG AAG TCG GGC GGA GCT GCA GCG GGC GGC GAG AAC GAG 659

GT TTC CTT CCT GCG AAG TCG GGC GGA GCT GCA GCG GGC GGC GAG AAC GAG 183

L P A K S ¢ G A A A G G E N E 78

GTG GCC GAG TTC GCC TTC AAG GAC CAG ATG GAG ATG ATG GTG AAG CGA GGC ATC GTG GAG 719
GTG GCC GAG TTC GCC TTC AAG GAC CAG ATG GAG ATG ATG GTG AAG CGA GGC ATC GTG GAG 243
v A E F A F K D M E M M V K R G I V

E 98
CAG TGC TGC CAC AAG CCC TGT AAC ATC TTT GAC CTG CAG AAC TAC TGC AAC TGA acg ccg 779
CAG TGC TGC CAC AAG CCC TG6T A C TC 7T 273
Q ¢ ¢ C I F DL @Q N Y C N * 115

ctc age ccg gag tce gtt age cec ceg ace cat cac cce cct cac gec ceg gee ctt tge 839
gtc agao gga acg gca ctg ctg tga aat gga tga oat tat ttt tcc tag aaa_gta_gag ttt 899

tgt gaa ttc 908

Fig. 6. Nucleotide sequence of the genomic DNA (regular letters)
and cDNA (italic letters) for barfin flounder preproinsulin and deduced
amino acid sequence. The coding regions are indicated by capital
letters and non-coding regions and an intron are indicated by small
letters. The deduced amino acid sequence is represented by the single
letter code. The asterisk indicates termination codon. TATA box is
indicated by solid underline and polyadenylation signal sequence is
indicated by dotted underline.
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This sequence contained 5'-CAGGCC-3' which encodes for
GIn-Ala at B-chain N-terminus, indicating that this nucleotide
sequence was a segment encoding insulin-1l. A nucleotide
sequence (0.25 kbp) encoding 3'-downstream region of N-
terminal sequence of A-chain was also amplified from the
genomic DNA digested with EcoRlI.

In the third PCR, a nucleotide sequence encoding a re-
gion between the N-terminus of the signal peptide and the C-
terminus of A-chain was amplified. The amplified product
showed one band (0.48 kbp) on gel electrophoresis as in the
first and second PCR, and its sequence matched sequences
that were established in the first and second PCR. In each
step of PCR, no other bands were detected on gel electro-
phoresis. This results indicate that nucleotide sequence ob-
tained in each PCR originated from a single preproinsulin gene.

Structure of preproinsulin gene

The cDNA amplified by PCR is 273 bp, and corresponded
to the sequence encoding from position 19 (Ser) of the signal
peptide to position 14 (Phe) of A-chain except for an intron
which split the C-peptide region (Figs. 5 and 6). The split po-
sition by this intron in preproinsulin gene was determined by
comparison of nucleotide sequences between genomic DNA
and cDNA. The intron consisted of 99 bp and split at position
7 (Gly) of C-peptide, and was flanked by GT-AG sequence.
The amplified segment of cDNA and the nucleotide sequence
of preproinsulin gene from genomic DNA were completely
identical (Fig. 6).

The coding region of preproinsulin gene consisted of 348
bp, and a TATA box and a polyadenylation signal sequence
were found at 124 bp 5'-upstream from the initiation codon
and 116 bp 3'-downstream from termination codon, respec-
tively (Fig. 6).

The amino acid sequences of A- and B-chains deduced
from nucleotide sequence of genomic DNA was identical with
those of insulin-1l and also insulin-I established by Edman
degradation. Amino acid sequences of the signal peptide and
C-peptide were also deduced from nucleotide sequence and
compared with those from other species (Fig. 3). The signal
peptide of barfin flounder preproinsulin consists of 22 amino
acid residues and contains a hydrophobic region, Leu-Leu-X-
Leu, in the central region like other vertebrate insulins. C-Pep-
tide consists of 37 amino acid residues with dibasic amino
acids at both N- and C-termini (Fig. 3).

Southern blot analysis

Genomic Southern blot analysis showed a single posi-
tive band in all cases of genomic DNA digested with each of
three restriction endonucleases (Fig. 7). Bands were observed
at 3.0 kb (EcoRl), 3.3 kb (BamH]I) and 2.9 kb (Hindlll). These
indicate that preproinsulin gene of barfin flounder is a single
copy gene.
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Fig.7. Genomic Southern blot of barfin flounder preproinsulin gene.
Genomic DNA was digested with EcoRl (lane E), BamHlI (lane B),
and Hindlll (lane H).

DISCUSSION

We identified two molecular forms of insulin, insulin-l and
-Il'in barfin flounder. The existence of two molecular forms of
insulin has previously been reported in toadfish (Smith, 1966),
bonito (Yamamoto et al., 1960; Kotaki et al., 1962) and paddle-
fish (Nguyen et al., 1994). In these species, there are substi-
tutions of internal amino acid residues between insulins of
each respective species, indicating that these species con-
tain two genes encoding each insulin molecule. However, the
complete primary structures of insulins have not been deter-
mined in these species. In chum salmon (Oncorhynchus keta),
several DNA clones encoding preproinsulin with sequence
substitutions have been obtained (Kashuba et al., 1986; Koval
et al., 1989; Kavsan et al., 1993), but only one form of insulin
was purified as a peptide (Rusakov et al. 1990). The exist-
ence of two insulin genes was also reported in mouse (Buenzli
etal., 1972; Wentworth et al., 1986), rat (Smith, 1966; Soares
et al., 1985) and Xenopus laevis (Shuldiner et al., 1989a, b),
and the two insulin in these species have already been purified.
Conlon et al. (1989) isolated four molecular forms of insulin
from the pancreas of H. colliei. Amino acid sequence analyses
suggested that these four insulins were generated from a single
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proinsulin by proteolytic cleavages at different sites at the flank-
ing regions of C-peptide. In contrast, in barfin flounder, the
results of amino acid sequence analyses suggested that in-
sulin-1 and -Il arose from a single preproinsulin by proteolytic
cleavage at different sites of the signal peptide region. This is
supported by the facts that any other preproinsulin genes were
not amplified in the three PCRs using different sets of prim-
ers, and only a single band was observed in genomic South-
ern blot analysis using three different kinds of restriction en-
donucleases. Thus, the generation system of multiple molecu-
lar forms of insulin in barfin flounder is different from those of
other vertebrates.

Although insulins have been purified from over 60 verte-
brate species and their amino acid sequences analyzed, in-
sulin which contains Pyr at the N-terminus of B-chain has never
been reported. Thus, insulin-1l of barfin flounder is a novel
type of vertebrate insulin. However, relaxins which also be-
long to the insulin superfamily contain Pyr residues at the N-
terminus of A-chain in rat (Marie et al., 1981) and of B-chain
in porcine (James et al., 1977; Schwabe et al., 1977) and
shark (Odontaspis taurus; Gowan et al., 1981). Insulin-like
peptides containing Pyr have also been reported in inverte-
brate, for example, in B-chains of bombyxins (Nagasawa et
al., 1990) and in A- and B-chains of molluscan insulin-related
peptides (MIPs; Li et al., 1992). Li et al. (1992) indicated the
possibility that prolonged storage induces cyclization of a Gin
residue at the N-terminus of A-chain of MIP-I.

In this study, we determined the complete nucleotide se-
quence of preproinsulin gene from genomic DNA of barfin
flounder. The nucleotide sequences of preproinsulin genes
were analyzed in only three species of teleosts; chum salmon
(Sorokin et al., 1983; Kashuba et al., 1986; Koval et al., 1989;
Kavsan et al., 1993), carp (Hahn et al.,, 1983), anglerfish
(Hobart et al., 1980), and only in chum salmon, where the
preproinsulin gene was analyzed from genomic DNA. In chum
salmon, the complete nucleotide sequence of preproinsulin-|
gene has been determined (Koval et al., 1989), whereas the
nucleotide sequence analysis of preproinsulin-ll gene is
restricted to the regions encoding C-peptide and A-chain
(Kavsan et al., 1993). The lengths of intron which splits the
C-peptide region in chum salmon preproinsulin-l and -1l genes
are 265 and 287 bp, respectively, (Kavsan et al., 1993), which
are almost three times as long as that (99 bp) of barfin flounder.
However, the position of the intron in the barfin flounder is in
common with those in preproinsulin-l and -II genes of chum
salmon, and was flanked by GT-AG sequence according to
the Chambon’s rule (Breathnach and Chambon, 1981) like
salmon preproinsulin-Il gene. From the results of insulin gene
analyses of mammals (e.g., human; Bell et al., 1980) and
salmon (Koval et al., 1989), there is a possibility that another
intron is present between TATA box and nucleotide sequence
encoding signal peptide. However, this possible intron in barfin
flounder has not been analyzed yet.

The signal peptide and C-peptide were much more vari-
able than A- and B-chains from the deduced amino acid se-
quences from four fishes. Especially, length of the C-peptides
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is considerably different from one another, and besides, the
sequence homology of the C-peptide central region is very
low among these four fish, suggesting that the C-peptides do
not have important function.
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