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The  human genes for prepro-arginine-vasopressin- 
neurophysin I1 (prepro-AVP-NPII)  and  prepro-oxyto- 
cin-neurophysin I (prepro-OT-NPI)  were  cloned  from 
a human  genomic  library  and  the  nucleotide  sequence 
of  both genes was determined.  The two genes  are  sim- 
ilar  in  their  intron-exon  structure,  linked  together 
with 12 kilobases intervening, and  transcribed  from 
opposite DNA strands. A human  small cell lung  cancer 
cell line, H378, produces significant quantities of pre- 
pro-AVP-NPII mRNA using  a  transcription  unit  pre- 
dicted  from  the  genomic DNA sequence.  Despite  the 
proximity  of  the actively transcribed  prepro-AVP- 
NPII  gene,  transcription  of  prepro-OT-NPI is not  de- 
tected  in this cell line. 

The conventionally accepted activities of the posterior pi- 
tuitary hormones AVP’ and  OT  are  in  the regulation of water 
excretion, parturition, and lactation. In addition, AVP recep- 
tors  and AVP-like immunoreactive material exist in  central 
and autonomic neurons  (Hanley et al.,  1984; Buijs et al., 1983). 
AVP is derived from a larger precursor, prepro-AVP-NPII, 
whose primary nucleotide structure was first elucidated in a 
bovine cDNA clone by Land et al. (1982). The precursor 
consists of a single polypeptide containing  a secretory signal 
sequence (Blobel and Dobberstein, 1975), the nonapeptide 
AVP (preceded by a signal peptide), the hormone carrier 
protein neurophysin 11, and from the carboxyl terminus  an- 
other peptide of unknown function but resembling a previ- 
ously detected pituitary glycoprotein. Bovine prepro-OT-NPI 
has an analogus structure  (Land et al.,  1983; Ruppert et al., 
1984) except that  OT is present in place of AVP and neuro- 
physin I is present in place of neurophysin 11. There is no 
peptide in prepro-OT-NPI analogous to  the carboxyl-terminal 
glycoprotein present  in  prepro-AVP-NPII. Although the pri- 
mary sequence of prepro-AVP-NPII and prepro-OT-NPI  has 
been characterized in cow and  rat,  it has  not been known 
whether these two stucturally similar genes are linked in  the 
genome. 

Human small cell lung cancer (SCLC) is distinguished from 
other types of lung cancer by selective elaboration of polypep- 
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tide hormones, including AVP, pro-opiomelanocortin, calci- 
tonin, and bombesin/gastrin-releasing peptide (Gazdar and 
Carney, 1984). As a prelude to understanding the basis for 
selective hormone gene expression by certain SCLC tumors 
and cell lines we have cloned the human  prepro-AVP-NPII 
gene from a genomic library. The same screening procedure 
also allowed us to characterize the human  prepro-OT-NPI 
gene.  We report here the structure of the human prepro-AVP- 
NPII  and prepro-OT-NPI genes and show that they  are 
physically linked within 12 kb in  the human genome with an 
inverted arrangement of their coding strands. In addition, a 
SCLC-derived cell line transcribes  this  prepro-AVP-NPII 
gene in a way predicted by the gene structure.  In  contrast, 
transcription of prepro-OT-NPI in this cell line is not ob- 
served. 

MATERIALS  AND  METHODS2 

RESULTS  AND  DISCUSSION 

Structure of the Human Prepro-A VP-NPII Gene-A probe 
from the neurophysin portion of bovine prepro-AVP-NPII 
was obtained by preparing a 0.3-kb SrnaI-PuuII fragment 
from a cDNA clone (pVNpII-1) of Land  et al. (1982). This 
probe (designated cc-bov) has homology to both neurophysins 
I  and 11, due to  their extensive nucleic acid sequence similarity 
(Land  et al.,  1983; Schmale et al., 1983). In  addition,  a 0.2-kb 
PstI-SmaI fragment from the AVP-specific 5‘  region of bovine 
prepro-AVP-NPII, designated 5’ bov  was also used. Of lo6 
plaques from a  human genomic library derived from  MboI- 
cut  placental DNA cloned into Charon 28A, eight positive 
clones were obtained and characterized. 

The library clones fell into two classes represented by 
hAVP3 and hAVP4,  whose structure is outlined in the  top 
portion of Fig. 1. Homology to both 5’  bov and cc-bov exists 
on the 15-kb  insert of hAVP4. Restriction mapping of hAVP4 
reveals that homology to cc-bov is found on both 2.5- and 5.0- 
kb BamHI-BarnHI fragments. Homology to  the 5’ bov probe 
in hAVP4 exists only on the 2.5-kb fragment. The fact that 
homology with cc-bov in hAVP3 is linked to phage arms when 
the phage is digested with BarnHI shows that  the 2.5-kb 
BarnHI-BarnHI fragment in hAVP4 is bounded by an artifi- 
cial BamHI  site on its 5’ border that is created from an MboI 

Portions of this paper (including “Materials  and Methods,” part 
of “Results and Discussion,” Figs. 4-6, and additional references) are 
presented  in  miniprint at  the end of this paper. Miniprint is easily 
read with the aid of a  standard magnifying glass. Full size photocopies 
are available from the  Journal of Biological Chemistry, 9650 Rockville 
Pike, Bethesda, MD  20814. Request Document No. 84M3411, cite the 
authors, and include a check or  money order for $3.20 per set of 
photocopies. Full size photocopies are also included in  the microfilm 
edition of the  Journal  that is available from Waverly Press. 

10236 



Human Vasopressin and Oxytocin Genes 10237 

HUMAN AVP/OT LOCUS 

"*_ - - - - - - - - -4  R L w  

R 
"""" """""" 

L 

SAVP- C S O T  
184 B B J i l  B 8 . ~ 1  m B 

FIG. 1. Schematic organization of human prepro-AVP-NPII 
and prepro-OT-NPI genes. The top  portion indicates the relative 
extent of overlap of library phage clones hAVP3 and hAVP4 (dashed 
lines) with respect to  the human chromosomal segment in the middle 
portion of the figure. The bottom indicates the detailed restriction 
endonuclease map for the genomic region. The transcriptional  ori- 
entation of prepro-AVP-NPII (5' AVP) as well as prepro-OT-NPI 
(5' OT) is indicated. Solid bars indicate exons; white areas adjacent 
to solid bars indicate 5' untranslated regions of exons. The horizontal 
dashed lines show regions with homology to  the PstI-SmaI (5' bov) 
and  SmI-PuuII (cc-bov) fragments of the bovine cDNA clone (Land 
et al., 1982). B, BamHI; RZ, EcoRI; Rs, RsaI; Pu, PuuII; H, HindIII; 
Bg, BglII; Ps, PstI; Sm, SmaI; Ss, SstI. qB4 indicates the BamHI  site 
present  in hAVP4 that is created by ligation of an MboI site into 
Charon 28A, and is not present  in genomic DNA. 

site in genomic DNA  by ligation into  the BamHI  site of the 
cloning vector. 

The 2.5-kb BamHI-BamHI fragment from hAVP4  was 
subcloned and sequenced, as shown in Fig. 2. A Goldberg- 
Hogness consensus site for initiation of transcription  (Breath- 
nach  and Chambon, 1981) is identified at position 146. The 
next  adjacent ATG triplet 79 base pairs downstream at posi- 
tion 225, begins an open reading frame which contains the 
AVP sequence (position 283-308). The peptide, as in cow and 
rat  (Land  et al., 1982;  Ivell and Richter, 1984), appears to be 
derived from a larger polypeptide precursor. Preceding AVP 
in  the prepro-AVP-NPII sequence is a series of largely hydro- 
phobic or uncharged amino acids encoded by nucleotides 225- 
281. This leader peptide could function as  a signal sequence 
for further processing, as  has been described for other secreted 
proteins (Blobel and Dobberstein, 1975). Following  AVP, 
there is a spacer tripeptide (Gly-Lys-Arg). This  arrangement 
has been seen in bovine prepro-AVP-NPII  (Land et al., 1982), 
and may serve as  a signal for preteolytic cleavage and proc- 
essing as has been described for other hormone precursors 
(see Amara et al., 1980). Following the spacer (starting at 
nucleotide 318) there is a  translation product identical with 
human neurophysin 11, whose protein sequence was described 
by Chauvet et al. (1983). This moreover aligns precisely with 
the bovine cDNA sequence (Land  et al., 1982) until  a break 
in homology with the bovine sequence occurs at position 344, 
preceding a consensus 5' splice donor site  (Breathnach  and 
Chambon, 1981), thus marking the end of the first exon of 
the human  prepro-AVP-NPII gene. An intron of 1374 nucleo- 
tides follows, with resumption of homology with the bovine 
cDNA at position 1718. The second exon is comprised entirely 
of sequences encoding neurophysin 11, consistent with the 
protein sequence (Chauvet et al., 1983). 

Another break in homology with the bovine cDNA sequence 
is found at position 1921, defining a second intervening  se- 
quence that is only 165 base pairs  in length. Homology with 
the bovine cDNA resumes at position 2087 and defines a  third 

exon which contains the remaining neurophysin I1  sequences. 
Following these sequences, a 40 amino acid human peptide is 
predicted which is considerably less homologous to  the  puta- 
tive prepro-AVP-NPII associated glycopeptide predicted by 
the bovine  cDNA sequence (Land  et al., 1982) and rat genomic 
sequence (Schmale et al., 1983) than  is  the hormone or neu- 
rophysin portion of the precursor. From the sequence in Fig. 
2 a  potential N-glycosylation site is also predicted in the 
human case to exist at  the amino acids encoded by nucleotides 
2155-2163 (Pless  and Lennarz, 1977). A termination codon 
exists in-phase with this reading frame at position 2258. The 
3' untranslated  portion of this gene continues through a 
polyadenylation signal (Proudfoot and Brownlee,  1976) at 
position 2309, and an approximate 3' border of the  third exon 
is indicated at about position 2345. 

Therefore, the human  prepro-AVP-NPII gene has  a  three- 
exon  genomic structure in common with cow and  rat  (Land 
et al., 1982; Ivell and Richter, 1984). The human AVP peptide 
is derived from a  protein precursor comprised of a signal 
peptide, AVP, neurophysin 11, and  another peptide in the 3' 
portion of the gene of as yet unknown function. Comparison 
of the nucleic acid sequence obtained here for neurophysin I1 
with the observed protein sequence (Chauvet et al., 1983) 
shows that  the differences between the human  protein se- 
quence and  the cow and  rat proteins  are precisely predicted 
by the human nucleic acid sequence for neurophysin I1 pre- 
sented here. 

Structure of the  Human  Prepro-OT-NPI Gene-Although 
the entire sequence of human prepro-AVP-NPII is localized 
to  the 2.5-kb BamHI-BamHI fragment of hAVP4,  homology 
to the cc-bov fragment derived from a bovine cDNA clone 
can also be found on the 5-kb  BamHI-BamHI fragment 
present in hAVP4. The AVP-specific 5' bov cDNA probe was 
limited in  its homology to  the 2.5-kb BamHI-BamHI fragment 
from hAVP4  (Fig. 1). To reconcile these observations, a 1.4- 
kb  region of hAVP4 containing the additional homology re- 
gion  was sequenced. 

The sequence shown in Fig. 3  contains  a recognition site 
for mRNA initiation  (Breathnach  and Chambon, 1981) at 
position 355. The first ATG thereafter defines an open reading 
frame containing  a  9 amino acid peptide segment expected 
for human oxytocin (nucleotides 475-501).  By analogy to  the 
bovine prepro-OT-NPI gene (Land  et al., 1983), the human 
oxytocin sequence (residues 475-501) is preceded by a largely 
hydrophobic peptide from residues 418-474, and followed  by 
a  tripeptide (Gly-Lys-Arg) before commencing a  putative 
translation product with a sequence expected for human neu- 
rophysin I (Chauvet et al., 1983) at position 511. A break in 
homology with the expected translation product occurs at 
position 538, with the characteristics of a splice donor site 
(Breathnach  and Chambon, 1981), defining the first exon of 
human  prepro-OT-NPI. 

A 299-bp intervening sequence separates the first  and sec- 
ond exon, and homology with human neurophysin I resumes 
(position 838). The second exon is comprised solely of neu- 
rophysin I-related sequences, extending to position 1036. A 
short  intervening sequence (83 bp)  separates the second and 
third exons, with the remaining sequences of neurophysin I 
encoded in the  third exon. As in the cow and  rat  (Ruppert et 
al., 1984; Ivell and Richter, 1984), a  termination codon  follows 
directly after the neurophysin I coding sequences with no 
apparent analog of the 3'  putative glycopeptide segment found 
in  prepro-AVP-NPII. A double consensus polyadenylation 
signal (Proudfoot and Brownlee, 1976) is found at position 
1249, indicating the end of the transcription  unit. 

The only difference observed between our predicted se- 
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FIG. 2. Sequence of the human prepro-AVP-NPII gene. The region enclosed by the thin solid black line 

indicates presumptive exons of the prepro-AVP-NPII gene indicated as erl, ex2, and ex3, respectively. The heauy 
black line in exon 1 encloses the 8-arginine-vasopressin nonapeptide. The dashed black l ine  in exons 1, 2, and 3 
enclosing a stippled pattern indicates sequences found in neurophysin 11. The remaining nucleotides in exon 3 
comprise the putative  human  AVP-NPII-associated glycoprotein. The overline indicates a consensus recognition 
signal for RNA polymerase I1 and  the underline a consensus polyadenylation signal. Below the sequence the 
strategy for sequencing is indicated, with each arrow head representing a discrete m13 clone, and the extent of 
nucleotide sequence determined. The 5' and 3' untranslated regions are indicated as open bars in the IBanHI-  
RsaI and  PuuII-PstI fragments adjacent to dark bars representing exons 1 and 3, respectively. Restriction 
endonuclease site abbreviations are as described in the legend to Fig. 1. 

quence for neurophysin I  and  the amino acid sequence deter- 
mined by Chauvet et al. (1983) consists of a valine proposed 
by those workers to exist between what would  be the position 
indicated by nucleotides 1014 and 1015 (Fig. 3).  This  is  not 
predicted from our nucleotide sequence. This difference may 
reflect a sequencing error or an allelic difference between the 
gene producing the neurophysin I sequenced as  protein  and 
the gene cloned and sequenced from the library here. 

Orientation and Comparison of AVP and OT Genes-The 
nucleotide sequence of prepro-AVP-NPII  and  prepro-OT- 
NPI predicts that  the two genes exist in opposite transcrip- 
tional  orientations. This was confirmed by hybridizing OT- 
specific and AVP-specific probes to  HindIII-SstI digests of 
hAVP4 blotted to nitrocellulose. An 11.7-kb HindIII-SstI 
fragment hybridized to exons 2 and  3 of both prepro-AVP- 

NPII  and prepro-OT-NPI,  but  not to exon 1 of prepro-AVP- 
NPII  (data not shown). Since DNA sequencing establishes 
the 5' to 3' orientation of prepro-OT-NPI to be from the 
BamHI  site to  the  SstI site (Fig. 3), the size  (11.7 kb) of this 
HindIII-SstI fragment can only be explained if the two genes 
are in opposite orientations. 

Nucleotide sequences encoding the nonapeptide AVP and 
OT hormones are highly homologous. In addition, dot matrix 
analysis (Maize1 and Lenk (1981) reveals (data  not shown) 
that  the sequence of a  portion of the first  intron  and exon 2 
of prepro-AVP-NPII (nucleotides 1512-1920) is highly ho- 
mologous to  part of the first  intron  and exon 2 of prepro-OT- 
NPI (nucleotides 620-1036).  Analogous features of the bovine 
genes for prepro-AVP-NPII and  prepro-OT-NPI had previ- 
ously been noted (Ruppert et al., 1984). The results of our 
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FIG. 3. Sequence of prepro-OT-NPI gene. Symbols are as designated in Fig. 2, except that oxytocin is the 

nonapeptide found in place of vasopressin in exon 1 enclosed in the heavy black line, and neurophysin I is present 
within the stippled area in place of neurophysin 11. Note the absence of a 3' exon-associated peptide after 
neurophysin I. 

sequence analysis suggest that  to explain the evolution of 
these two structurally  similar genes from a common ancestor, 
both gene duplication and  an inversion are required. Apparent 
duplication and inversion has also been described in  the 
structurally  related egg-laying hormone-related merge of 
Aplysia (Scheller et al., 1983), although its significance in this 
system is unclear. Boorstein et al. (1982) have noted a dupli- 
cated  and  inverted  arrangement of genes potentially encoding 
the B-subunits of human chorionic gonadotropin. Conse- 
quences of a  inverted  arrangement of related genes could 
include the establishment of differences in  transcriptional 
regulation, chromatin  protein binding properties, and de- 
creased recombination frequency. 

Extensive interspecies homology is found when the bovine 
and  rat 5' flanking sequences of prepro-AVP-NPII  are com- 
pared  (Ruppert et al., 1984). This is also true for 5' flanking 
sequences of  cow and  rat prepro-OT-NPI. The human genes 
for these two hormones also share  this interspecies homology 
of 5' flanking sequences, although  there is negligible homol- 
ogy in 5' flanking sequences when the two human genes are 
compared to each other  (data  not shown). Since it has recently 
been shown that expression of a polypeptide hormone gene 
can be influenced in a  tissue specific fashion by the adjacent 
5' flanking sequences (Supowit et al., 1984) it is possible that 
these conserved sequences are responsible for the differential 
expression of AVP-NPII  and  OT-NPI  in tissues which spe- 
cifically produce either hormone. In vitro alteration of these 
flanking sequences followed  by  DNA transfection and expres- 
sion studies in appropriate cell hosts may  allow sequences 
important  in differential hormone gene expression to be de- 
fined. 
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