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Molecular cloning of two distinct vasotocin precursor cDNAs from chum
salmon (Oncorhynchus keta) suggests an ancient gene duplication
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The structures of two different vasotocin precursors from chum salmon brain have been elucidated through the molecular cloning of their cor-

responding cDNAs. Although the predicted precursors, consisting respectively of 153 and 158 amino acids, have the same structural organisation,

they show 35% amino acid sequence divergence, of which only approximately half are isofunctional substitutions. Remarkably, while the C terminal

segments of both precursors resemble the glycopeptide moiety of the related mammalian vasopressin precursor, both salmon precursors lack consen-
sus sequences for N-glycosylation.
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1. INTRODUCTION

The structures of two distinct VT precursor classes
from a teleost fish, the white sucker Catostomus com-
mersoni have recently been elucidated [1,2]. They show
a similar structural organisation to their mammalian
(vasopressin) [3] and amphibian [4] counterparts, ex-
cept that they lack basic amino acid processing signals
in positions corresponding to that which separates the
neurophysin moiety from the glycopeptide present at
the C-terminus of the mammalian vasopressin precur-
sor. They also lack potential consensus sequences for
N-glycosylation in their C-terminal regions.

The existence of two distinct VT percursors in the
sucker, each encoded by a separate gene [2], is not sur-
prising, since the catostomid fish karyotype probably
evolved by tetraploidisation of a cyprinid-like ancestor
[5] perhaps 50—100 million years ago. However, the ex-
tensive divergence of the sucker VT percursors, amoun-
ting to 45% at the amino acid level [2], is not consistent
with such an evolutionary time scale, based upon an
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estimated 1% amino acid divergence rate in 10 million
years for related gene pairs [6]. Taken together, these
data raise the possibility that sucker VT precursor genes
may have been duplicated prior to and independently of
tetraploidy.

The salmoniformes separated from the evolutionary
line leading to the suckers approximately 70 million
years ago [7] and prior to either of these groups attain-
ing a tetraploid karyotype [5]. In order to establish
whether the presence of two highly divergent VT-
precursors is a general feature of teleost fish, we used a
similar approach to that described previously [1] to
clone the VT-percursor cDNAs from chum salmon.

2. MATERIALS AND METHODS

2.1. ¢cDNA library preparation and screening

Whole brains were collected from 20 reproductively mature chum
salmon that had returned to fresh water to spawn. Fish were obtained
from the Qualicum Hatchery on Vancouver Island, BC. cDNA was
prepared [8] from 3 xg salmon brain poly(A) + RNA, ligated to
EcoRlI adaptors and inserted into the EcoRI site of lambda ZAP-II in-
sertion vector (Stratagene, La Jolla, CA, USA) yielding 1.6 x 10%in-
dependent recombinants. After amplification, the library was screen-
ed using a fully degenerate 20-mer oligonucleotide pool correspon-
ding to the first 7 amino acids of the mature VT [1]. The
oligonucleotide pool, 5 -end-labelled with T4 polynucleotide kinase
to a specific activity of 10® cpm/xg, was incubated with the replica
filters under non-stringent conditions. Subsequently filters were
washed stringently at 58°C in the presence of tetramethylammonion
ions [9], conditions under which only exact matches to the target se-
quence should be retained. Positively hybridising lambda ZAP 11
clones were purified and subjected to helper phage rescue, whereupon
the cDNA insert therein was recovered as a subclone in the Bluescript
SK(-) phagemid vector [10].
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2.2, Analysis of cDNA clones

c¢DNA inserts or restriction fragments thereof, were sequenced by
the dideoxy chain termination method [11], either directly or after
subcloning into M13 mpl8.

2.3. Nothern biot analysis

Poly(A) + RNA (4 xg) was glyoxylated [12], separated in a 1.2%
(w/v) agarose gel and transferred to Hybond-N membranes (Amer-
sham) according to the supplier’s instructions. Blots were hybridised
with 3?P-labelled [13] cDNA inserts and finally washed at 65°C with
0.5 x SSPE.

3. RESULTS AND DISCUSSION

Screening of 1.8 x 10° recombinants yielded three
positively hybridising clones. Sequence analysis
separated these into two classes, designated VT-1 and
VT-2 respectively, each of which predicts a distinct
chum salmon vasotocin precursor (fig.1). The longest
c¢DNA encoding the VT-1 precursor is 821 nr long, ex-
cluding the poly A tail and has in-frame ATG codons at
nr 10-12 and 67-69, the latter of which is more likely to
be used for translational initiation, since otherwise an
atypically long signal peptide would arise. Neither of
these start codons is preceded by the consensus se-
quence for the initiation of translation found in most
vertebrate mRNAs [14]. The first stop codon is en-
countered at nr 526-528, thus giving rise to a predicted
VT-1 precursor constituted of 153 amino acid residues
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and a M; of 15,997. A classical polyadenylation signal
is found at nr 799-804.

In the case of the salmon VT-2 precursor encoded by
a ¢cDNA clone of 1199 nr, not including the poly A tail,
the first ATG codon is found at nr 45. This is succeeded
by an open reading frame of 474 nr predicting a precur-
sor protein of 158 amino acid residues with a molecular
mass of 16672 Da. Although a classical polyadenyla-
tion signal (AATAAA) is present at nr 1005-1010, the
polyadenylation of the VT-2 mRNA seems to be deter-
mined, in this case, by the modified sequence ATTAAA
present at nr 1174~1179 (fig.1).

Northern blot analysis of the c¢hum salmon po-
Iy(A)+RNA used to construct the library, revealed
RNA bands of 1100 bases for VT-1 mRNA and 1450
bases for VT-2 mRNA (fig.2). The difference between
these values and the lengths of the cDNA clones deter-
mined by sequencing is probably accounted for in most
part by extensive polyadenylation of the mRNA in vivo.
Remarkably, the VT-1 and VT-2 ¢cDNA fragments fail-
ed to cross-react under the hybridization conditions
used (not shown), emphasising the distinct nature of
their sequences.

Both salmon VT-precursors show a similar structural
organisation to their mammalian counterpart, the
vasopressin precursor [3]. Thus they consist of a
putative signal peptide of either 19 (VT-2) or 20 (VT-1)

V11 GCCCTTYGAATGAGT TCAGTTGTAGCCGACAGTATCAATTGGACGAAGCACTTCAGACTGRACARG 66

VT2 GAAGAGCAAGAGGAATATAGETGTGCTTTTTCTGCACAATTGCA 44
¥ vasoTtocIin ¥ |m>'

Vil MPYSTFPLLY¥VLELEGSLELALSSACYIGQNCPRGEGKRISF 34

VT3 ATGECATATTCTACGTTTCCACTGCTGTERGTCCTEEAGCTCCTCACOCTCTCCTCCGCGTOCTACATCCAGAACTGTCCGUGAGGCRBOAAGLGCTCTT 166

viz ATBCCACATTCCACS- --CTTCTACTGTGCGTCATCGBACTCLTAGCGTTCTCCTCTGLGTGCTACATCCAGAACTGTCCCABABGCGRBAAGLGLGCT 141
VT2 MPHST - LLLCVIGLLAFSSACYITIQHNCPRGEGKHT R L33
§ vAasoTOoCIN NP

VTl P DL P - R CHMSCG6GPGEGDRGRCF GPNTCCGEEGM®GTCY 66
vT1 TTCCTGATCTTCCA- - ~CGACAGTGCATGTCATGTGECCCCGGGGACAGGGECCECTGLTTTGGCCCCAATATCTGCTGTGEGGAGGGAATGGGCTETTA 263
VT2 TACAGGACACCGGCATCAGACAGTGCATGACATGTGGACCAGRGBACCAGGGCCACTGCTTTGGCCCCAGTATCTGLTGTGREGGAGGGTCTGEGCTGCTG 241
V12 QDbT G 1R CMTCGPGDQGHTCYF GPS I CCGEGLGTCW 66
VTl M G S PEAAEGCVEENY LPSPCEAGGRYCGSE-65C 98
V71 CATGEGLTCCCCAGAGGLAGCTOGT TETGTGGAGGAGAACTACLTGCCOTCCCCCTGLGAGGL TROAGGAAGAGTGTGTEGLTCTGAG- - -GBAAGCTGT 360
V12 GATGGGECTCCCCAGAGACAGCCLGCTGCTYTGAGGAGAAT TACCTGCCCACCTCATGCCAGACABGAGGGAGACCTTGTGRATCTGATGCABGACGCTGE 341
VT2 MG S PETARCTFEENYLPTPCQTE&EGERPCGESDEAGRTE 93
VTl AAS GV CCD ESCcCVvLDPDCLEDS KRQGS©PSEQNAAL 13
VTl GCTGCATCCGGAGTCTGCTGTGACTCAGAGAGTTGTGTGC TABACCCAGACTGCCTAGAGGACAGTAAACGT CAGTCACCCAGCGAACAGAACGCTGCCT 460
V12 GCTGCACCAGGAGTTTGCTGTGACTCAGAGAGTTGTGTTCTAGATCCAGACTGTTTGTCGGAGAGTCGGTACCACTCTCCTGCGGATCACAGCGCTGGCE 441
V12 AAPGVCCDSESTCVLODPDCLSESRYHSPADHSAGA 133
VTl M6 6LAGD -LLRILHATSRGRTPLZQQ 153

V11 TAATGGGTGGTTTGGCAGGAGAC- - ~-CTGCTGCGGATCCTACATGCCACCAGCAGAGGGAGACCTCAGTAACCAACCACTGCUCATCCCTCACCTGAACA 557
V12 CCACAAGTGACTCACCGGGGGARCTGTTECTGCGCCTGCTACACT TTGLCACCAGGGEGCAAAGTGAATACARACAGTAACAATCTCACTCCAGAGATTC 541

V12 TS$DS PG E L LRLLHFATRGQgQSEYKHT?Q 158
VTl CACCCAGRATAGAGCTTAAATTCACCATTTCACATGCACTAC TACAAAAACAAACCTCACATAGATTCAGACACACAGCAGAAGTAGAGAGCAGGCTTGE 657
VT2 GCTTACATGTTGCCTAATTCAAAATCAACCCTTACTAGCCTTTGACACTTCTCGTAGATCTGAAAAGATTGARATTAATTACTTATTTTTTTCAGARGGA 641
VTl TACATAAGGGTGAAATTGATCAGCTCTACATGAATGTTTACTGTGTGCTCAGTAGCCTTCAGTAAGTTGTCATTTATAATGCYTTCAACTCARATATGCAT 757
V12 ACTTCAAGTAATTGGATATGTTTTAGCAATATGGTAATTGTTCCACCTTGCCTAGTGATGGCGATTTCGCCATATTGTTGACCACTACTATCAAAACCTT 741
Vi TGTACAATCTACTGGGGTGOAAGERATGTAAATATGTAGT TAATARATATTTTCTTGCACTATT poly(A) 821

v12 TTACACCTATACAGTACCTAGGL TAGGGGCAGCGGGLGAT TTGGAATCAGGCARAATGET TAAACTGACAGAAATAACAGGATAARATEGATACAGTTAT 841
viz AAACTGTCAACAAGAGTGTTTTTTTCCACCTAAGARTGTATATGCACACACATACATTACATATATACGTTTTATGTTCAACAAGACRTTGTTTTTCLTA 941
V12 ATCGCCTCAATATAAATAGBTCATGTATACACCACAGARATACAGACATTTAARTATGTAGGAMTAAATAGTTTTCTTGCAGTRTTGTAGAATGATLAG 1041
VT2 ATTAATGTTCAACAATCATTGTTGTTAGTATGTGAAGTGCTTGTAGATCACTACATTAATGCAGTGCATTACAGATATTACTATTAATTATGAATCACCA 1141
V12 TTTACTGAGACTCACTGCTGTTGTATAATTGAATTAAAGATATCAAGAARATCACTACC poly(A) 1199

Fig.1. Comparison of the chum salmon VT-1 and VT-2 ¢cDNA sequences and their predicted precursor structures. Hormone sequences (arrowed :
ar 21-29; VT-1 or ar 20-28; VT-2) are succeeded by a Gly-Lys-Arg modification and processing sequence and then a neurophysin (NP) moiety.
Numbers on the right indicate nucleotide or amino acid positions, respectively.
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Fig.2. Northern blots of chum salmon poly(A) + RNA. Blots were
hybridised with either (lane 1) VT-1 or (lane 2) VT-2 complete cDNA
inserts using conditions under which the two cDNAs failed to cross-
react. The low molecular weight RNA ladder (BRL) provided
molecular size markers indicated on the right in kilobases.

amino acid residues directly preceding the nonapeptide
hormone moiety, which is separated from a cysteine-
rich protein resembling the mammalian neurophysin by
a modification and processing signal. In each precur-
sor, the neurophysin moiety is succeeded by a tract of
approximately 30 amino acids which shows similarities
to the mammalian vasopressin-associated glycopeptide,
or copeptin [3]. However, both salmon VT precursors
lack consensus sequences for N-linked-glycosylation in
positions corresponding to that in the copeptin moiety
of the vasopressin precursor. A similar phenomenon
has recently been demonstrated for the sucker vaso-
tocin- and isotocin-associated neurophysins [1,2] but is
in contrast to the situation in all mammalian and am-
phibian species examined to date [1].

Interestingly, unlike their sucker counterparts, both
salmon VT precursors possess putative processing
signals (VT-1, ar 121-122; VT-2, ar 122) which could
result in the post-translational cleavage of a copeptin-
like moiety from the C-terminal end of the salmon
neurophysins. However, it has been shown that confor-
mational constraints preclude this second cleavage in an
amphibian vasotocin precursor [15]. This has led to the

FEBS LETTERS

January 1990

Sucker VT-1 e 02.9 e Salmon VT-1

59.6 §6.8

/
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Sucker VT-2 64.1 Sailmon VT-2

Fig.4. Comparison of the percentage amino acid identity between the

salmon and sucker VT-1 and VT-2 percursors. Relationship were

assessed using the AALIGN program of the DNASTAR (Madison,

WI) sequence analysis software package, and take account of amino

acid identities only, after optimal alignment of the two protein se-
quences.

suggestion that the use of such putative cleavage sites
occurs only after the transition from vasotocin in non-
mammalian vertebrates to vasopressin in mammals
[15].

Comparison of the salmon VT precursors with each
other and with the sucker VT precursors (fig.3) reveals
several important features. Firstly, the salmon VT-1
precursor differs from its relatives by the deletion of a
Leu residue from the otherwise extensively conserved
leucine-rich core sequence [1]. Secondly, the salmon
neurophysins show strict conservation of the 14 cysteine
residues found in every neurophysin analysed to date
and which form a series of disulphide bridges between
different parts of the polypeptide backbone [16].
Nevertheless, the two salmon VT precursors show an
overall 35% amino acid divergence of which only half
can be accounted for by isofunctional substitutions.
This is similar to the situation for the two sucker VT
percursors which, however, show an overall 45% amino
acid divergence [2].

Thirdly, the salmon VT precursors show considerable
amino acid homology to their sucker counterparts
(fig.3). This is further emphasised by the fact that, in
both cases, the VT-2 percursors include additional

Signal Peptide
CccVT1 MSDS-FLPTCILCLLALSSACYIQNCPR

asotoci a} REeurophysi n
KRSQPDTS-RECVSCGPGNAGRCYGPSICCGAALGCLVGSPETMSCMEENH

csVT1 MPYSTFPLLWVLGLLALSSACY IQNCPRGGKRSFPDLP-RQCMSCGPGDRGRCFGPNICCGEGMGCYMGSPEAAGCVEENY
€sVT2 MPHST-LLLCVIGLLAFSSACY IQNCPRGGKRALQDTGIRQCMTCGPGDQGHCFGPS ICCGEGLGCWMGSPETARCFEENY
€cVT2 MSVCAVLLLCVAGLLCLSSACY IQNCPRGGKRALLEPVSRQCLACGPGDKGRCLGPS I CCGEE IGCLVGSPWMARCQEEEY

ccVT1 LPSPCETGGRPCGDE-GRCAAPGVCCDSVSCVMDSECLEDVR--SDQSEDPSRLKTVSGE I LLRLLNLASRGRRDF
csVT1 LPSPCEAGGRVCGSE-GSCAASGVCCDSESCVLDPDCLEDSKRQSPSEQNAALMGGLAGD-LLRILHATSRGRPQ
csVT2 LPTPCQTGGRPCGSDAGRCAAPGVCCDSESCVLOPDCLSESRYHSPADHSAGATSDSPGELLLRLLHFATRGQSEYKQ
ccVT2 LPSPCQTAGKLCGSDAGPCAAPGVCCGTEGCKLDPNCSEDSESEEPADQNT--LGASPGELLLRLLHPNNRKHNQY

Fig.3. Comparison of the predicted VT precursor amino acid sequences of the chum salmon {csVT-1, csVT-2) and the sucker {ccVT-1, ccVT-2)

[1,2.
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amino acids in identical positions within the first
variable (ar 38) and the middle conserved region (ar 96)
of their neurophysins, as compared to the VT-1 precur-
sors. The insertion of an extra amino acid between the
ninth and tenth cysteine residues of the salmon and
sucker VT-2-associated neurophysins is unique among
members of the vasopressin precursor family analysed
to date. This feature, which is shared only by the toad
mesotocin [4] precursor, a member of the oxytocin
precursor family, disrupts the otherwise conserved
spacing of the cysteine residues, and may perhaps in-
terfere with the folding of the second neurophysin do-
main [16].

Interspecies similarity exists between the two highly
diverged VT precursor types of salmon and sucker and
each of the sucker VT precursors shows a greater
similarity to its salmon counterpart than to each other
(fig.4). As a group the vasotocin precursors are more
similar to each other than to any other member of the
vasopressin precursor family presently known. The
similarities within the group may be a general feature of
teleost fish.

Even though the amino acid differences between the
chum salmon VT-1 and VT-2 precursors are somewhat
lower than that observed for their sucker counterparts,
they both suggest the occurrence of an ancestral VT
gene duplication substantially predating the separation
of the lines leading to the cyprinids and the salmonids,
based upon the unit evolutionary period of approx-
imately 10 million years required for the fixation of a
1% amino acid divergence [6]. Since subsequent
salmonid evolution after gene duplication resulted in
the attainment of a tetraploid karyotype, it remains to
be seen if, as proposed for sucker [2}, salmon possess
four distinct VT percursor genes.
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