ERV3 LTR’s did not appear to contain a
long-direct repeat. However, the LTR’s
of two HTLV variants (9, /0) and an
isolate of the related BLV (/1) also
lack these repeats and are certainly ex-
pressed. Four regions within the ERV3
LTR’s displayed partial homology with
the consensus sequence GTGG444G
that is present in many viral enhancers
and is essential for the activity of the
SV40 enhancers (2). These regions, be-
ginning at LTR nucleotides 455, 505, and
563 in U5 and at nucleotide 597 within
the putative primer binding site, each
shared six out of eight nucleotide identi-
ties with the consensus sequence. The
significance of these sequences is un-
clear, since retroviral enhancers charac-
terized thus far are located in the U3
region of the LTR.

The LTR sequences of HTLV variants
I and II are unrelated to each other
except for the promoter sequences and a
21-base pair sequence repeated three
times in the U3 region of each genome at
comparable positions. These repeats are
imputed to be equivalent to the enhancer
sequences of other retroviruses (9). Sim-
ilarly, the ERV3 LTR’s contained a
short repeated sequence (underlined in
Fig. 2). This sequence, GAAAAA-
CAAG, is also found in the U3 region of
both BaEV (/2) and HTLV-II (9) as a
single copy. Further experiments are
necessary to define whether these or
other ERV3 LTR sequences function in
enhancement of proviral expression.

Analysis of the nucleotide sequence of
the ERV3 LTR’s revealed a region of
close nucleotide homology with the
BaEV LTR that was responsible for their
hybridization. Within a stretch of 41 nu-
cleotides beginning at nucleotide 373 in
the ERV3 3’ LTR there was only one
nucleotide change with respect to the
BaEV LTR (I2) (two nucleotides were
different in the ERV3 5’ LTR). This
sequence was found in the U3 region of
both ERV3 and BaEV LTR’s but farther
upstream in BaEV at U3 nucleotide 102.
A human provirus characterized earlier,
ERV1 (13), also contains this sequence
but in the US region. We observed no
other homology between the LTR’s of
ERV3 and those of other sequenced re-
troviruses, including HTLV (9, 10).

Because of the mechanism of retro-
viral replication, the two ERV3 LTR’s
were presumably identical when the pro-
virus first integrated into the ancestral
human genome (/). The two LTR se-
quences are not presently 100 percent
homologous (Fig. 2). The 5" LTR is 593
nucleotides long, whereas the 3’ LTR is
only 590 nucleotides long. There are also
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52 nucleotide substitutions spaced
throughout the two LTR’s, correspond-
ing to an 8.8 percent divergence.

The possible use of tRNAA™ as a
primer for replication of ERV3 suggests
a separate lineage for this provirus. Be-
cause the ERV1 provirus is missing the
5" LTR, the primer binding site cannot
be identified. While this precludes classi-
fication of ERV3 and ERV1 in the same
retroviral lineage by this criterion, com-
parisons of the DNA sequences from
regions of the gag and pol genes indicate
that these two proviruses are more close-
ly related to each other than either is to
BaEV or M-MuLV (Moloney murine
leukemia virus) (4). It will be interesting
to determine whether other BaEV LTR-
hybridizing clones isolated from human
DNA (/4) also share this primer binding
site and the 41-nucleotide homology.

In conclusion, the ERV3 LTR’s con-
tain sequences homologous to known
transcriptional regulatory elements.
Without knowing whether the ERV3
LTR’s are, or were, used for expression,
we were unable to assess the relevance
of the nucleotide changes between them.
It is unlikely that all the changes would
have occurred within only one LTR even
if the other was selected for by providing
a necessary function, since every change
would not be expected to be deleterious.
Thus, the divergence of the two ERV3
LTR’s by 8.8 percent does not necessari-
ly preclude function by either of them.
These sequences may therefore be capa-
ble of directing the expression of either
ERV3 or nearby host genes. Conse-

quently, the ERV3 provirus is a suitable
probe with which to look for expression
of endogenous retroviruses in both nor-
mal and tumor tissues of humans.
CATHERINE D. O’CONNELL
MauricE COHEN
Laboratory of Molecular Virology and
Carcinogenesis, Litton Bionetics
Incorporated-Basic Research
Program, National Cancer Institute,
Frederick Cancer Research Facility,
Frederick, Maryland 21701
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Nucleotide Sequences of the Human and Mouse Atrial

Natriuretic Factor Genes

Abstract. Mouse and human atrial natriuretic factor (ANF) genes have been
cloned and their nucleotide sequences determined. Each ANF gene consists of three
coding blocks separated by two intervening sequences. The 5' flanking sequences
and those encoding proANF are highly conserved between the two species, while the
intervening sequences and 3’ untranslated regions are not. The conserved sequences
5' of the gene may play an important role in the regulation of ANF gene expression.

Atrial natriuretic factor (ANF), a po-
tent vasoactive peptide synthesized in
mammalian atria, is thought to play a key
role in cardiovascular homeostasis (/-6).
Analysis of cloned DNA sequences com-
plementary to AFN messenger RNA’s
(mRNA’s) has defined a precursor mole-
cule (preproANF) from which this cardi-
ac hormone is derived (7-1]). The ANF
gene is actively transcribed; preproANF
mRNA comprises 1 to 3 percent of atrial
mRNA (7, 12). To study further the

transcription, processing, and regulated
expression of this cardiac hormone, we
have cloned the genes encoding murine
and human ANF and determined their
nucleotide sequences.

The single ANF gene in rodents and
humans (7, 10) hybridizes to a cloned rat
ANF complementary DNA (cDNA)
probe (7). Procedures for cloning single-
copy eukaryotic genes from bacteri-
ophage libraries are well established
(13). Five bacteriophage clones contain-
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ing ANF gene sequences were isolated
from 500,000 phage plaques derived from
a human genomic library. Southern blot
analysis of the DNA from these five
bacteriophages defined a 3.3-kilobase
(kb) Bam HI fragment that hybridized to
the rat ANF cDNA probe. This fragment
was subcloned into pBR322 for subse-
quent nucleotide sequence characteriza-
tion (Fig. 1).

The murine ANF gene was isolated
from size-fractionated (/4) Bam HI-di-
gested mouse DNA (strain B10.LP). A
10-kb fragment encoding ANF was se-
lected by Southern blot hybridization
(15) and cloned into pBR322. Coding
segments of the ANF gene were identi-
fied with a rat cDNA probe or an oligo-
nucleotide derived from the 3’ end of the
human cDNA sequence (Fig. 1). This
synthetic oligonucleotide was used be-
cause a restriction fragment from the 3’
end of the rat mRNA did not hybridize to
the human gene (/2). Nucleotide se-
quences (Fig. 2) of the human and mouse
ANF genes were determined by the di-
deoxy chain termination procedure (/6).
Locations of intervening sequences were
defined by comparison of genomic and
c¢DNA sequences.

Nucleotide sequence analysis showed
that the ANF gene contains many fea-
tures of a typical eukaryotic gene. The
genes contain a TATAA box (A, ade-
nine; T, thymine), two intervening se-
quences bounded by splicing signals
(GT-AG; G, guanine), and an AATAAA
polyadenylation addition signal. Initia-
tion of ANF mRNA transcription proba-
bly begins 27 base pairs (bp) after the
TATAA box (cap site; Figs. 1 and 2).
PreproANF is encoded in three separate
segments (Figs. 2 and 3). Coding block I
encodes the hydrophobic leader segment
and the first 20 amino acid residues of
proANF. Coding block II encodes the
remainder of the proANF except for one
amino acid of human ANF and three
amino acids of mouse ANF. These car-
boxyl-terminal amino acids are encoded
by coding block III.

Rat ANF contains two amino acids
(Arg-Arg) more than human ANF (3, 6).
Comparison of nucleotide sequences
from rat and human ¢cDNA clones (7, 11)
suggests that this difference is due to a
single nucleotide change (C to T; C,
cytosine) between these genes, defining
a termination codon in humans rather
than the arginine codon in rodents.

Because ANF mRNA makes up 1 to 3
percent of the total polyadenylated
[poly(A)*] RNA of the rat atria (7, 12),
mutations in this gene that adversely
affect production of functional ANF
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Table 1. Percent homology between different
segments of mouse and human ANF genes.
Homology was calculated from the nucleotide
sequences in Fig. 2. The percent amino acid
homology is reported for coding blocks I and
II. A 25 percent homology was assigned to the
second intervening sequence (IVS2) because
neither dot matrix comparison (/9) nor nucle-
ic acid hybridization (13) revealed sequence
similarities.

Homology (%)

Gene segment

Nucleo- Amino
tide acid

5’ Flank 79

S uT* 61

Coding block I 76 63
IVS1 56

Coding block II 83 83
1VS2 25)

Coding block III 60

*U, uracil.

would presumably be deleterious and
lost during evolution. In contrast, se-
quences that are important for the regu-
lated expression and production of ANF
should be conserved in rodent and hu-
man genomes. We compared the nucleo-
tide sequences of the ANF genes of
these two species to identify the con-
served regions (Fig. 2 and Table 1).
The 5’ flanking sequences (1 to 576 bp)
of the human and mouse ANF genes are
highly conserved (Table 1). Because
these sequences may play an important

role in directing ANF transcription, they
were screened for previously character-
ized regulatory sequences. Enhancer se-
quences that regulate expression of
closely linked genes have been found
near a number of viral and eukaryotic
genes (I7). A consensus enhancer se-
quence has not yet been defined; howev-
er, portions of the viral SV40 enhancer
sequence are shared with the enhancers
of other genes. An 11-bp sequence (resi-
dues 201 to 211) in the human and the
mouse ANF genes is identical to the
simian virus 40 (SV40) enhancer at 9 of
11 and at 8 of 11 bp, respectively. These
sequences may play a role in causing the
high level of atrial-specific transcription
of the ANF gene. Assays for regulatory
sequences should help define a role for
these conserved 5' flanking sequences.
The 5’ untranslated portions of ANF
mRNA (residues 481 to 577) and those
encoding the hydrophobic leader seg-
ment of preproANF are poorly con-
served between mouse and human se-
quences (Fig. 2 and Table 1). While the
role of S5’ untranslated portions of
mRNA’s is unclear, the hydrophobic
leader segment of a nascent peptide is
thought to be important for transport
across the endoplasmic reticulum (I8).
Specific molecular interactions may not
be required for this passage because hu-
man and mouse sequences are only 53
percent identical (Table 1) yet function
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Fig. 1. Structure of the human and mouse ANF genes and strategy for determining their
nucleotide sequences, showing the three coding blocks (I, II, and III) and two intervening
sequences (IVS1 and IVS2). The segment of the ANF gene encoded in each coding block is
indicated by the amino acid number. A putative enhancer (E), TATAA box (T), cap site (C),
glucocorticoid receptor binding site (GR), and the polyadenylation addition sequence (A)
defined by the nucleotide sequence are located on the gene map. The human gene contains two
Alu repeat sequences (22). Fragments encoding the cloned ANF genes were digested with
restriction enzymes [Bam HI (B), Sst I (S), Pvu II (P), Sau 3A (M), Pst I (Ps), Taq I (T), and
Bgl II (Bg)], subcloned into appropriate M13 vectors (MP8, MP9, and MP11), and identified by
hybridization to a rat ANF ¢cDNA probe (/3). The subclones encoding the 3’ end of the human
gene were identified by the oligonucleotide (O) GAATAAACTTCAGCACCATGG derived
from the human cDNA sequence (/0). Three M13 subclones were derived after cleavage with
Sau 3A, but lacked a Sau 3A site. Nucleotide sequences were determined by the dideoxy chain

termination procedure.
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ATTTGTCTCGGGCTGCTGGCTGCCTGCCATTTCCTCCTCT CCACCCTTATTTGGAGGCCCTGACAGCTGAGCCACAAACAAACCAGGGGAGCTGGGCA
CCA GCCTA T € C CA G G G CTA T ¢ ee.. G GAG T TG
CCAGCAAG. CGTCACCCTCTGTTTCCCCGCACGGTACCAG CGTCGAGGAGAAAGAATCCTGAGGCACGG. . CGGTGAGATAACCAAGGACTCTTTTTTA

AG _C_C o T T GT TTTCAG CG GC CC A GA 6
CﬁCTTCTCACACCWTTGAAGTGGGAGCCTCTTGAGTCAAATCAGTAAGAATGCGGCTCTTGCAGCTGAGGGTCT......GGGGGGCTGTTGGGGCTGCC

_________ G G o TA GGGGGA TGAG A T
CAAGGCAGAGAGGGGCTGTGACAAGCCCTGCGGA..TGATAACTTTAAAAGGGCATCTCCTGCTGGCTTCTCACTTGGCAGCTTTATCACTGCAAGTGAC

o TT C AC T c CCATC G
AGAATGGGGAGGGTTCTGTCTCTCCTGCGTGCTTGGAGAGCTGGGGGGCTATAAAAAGAGGCGGCACTGGGCAGCTGGGAG@DAGGGACAGACGTAGGCC
AG C C CT CAA . WWW  cG A ATG . A T G AMAMAT

MetSerSerPheSerThrThrTh
AAGAGAGGGGAACCAGAGAGGAACCAGAGGGGAGAGACAGAGCAGCAAGCAGTGGATTGCTCCTTGACGACGCCAGCATGAGCTCCTTCTCCACCACCAC
G A..... A A T GC GC AAC T ATCG ..GC CGAC C G
rVa1SerPheLeuLeuLeuLeuAlaPheGlnLeuLeuG'IyG'InThrArgMaAsnProMetTyrAsnAlaVa]SerAsnAlaAspLeuMetAspPheLys
CGTGAGCTTCCTCCTTTTACTGGCATTCCAGCTCCTAGGTCAGACCAGAGCTAATCCCATGTACAATGCCGTGTCCAACGCAGACCTGATGGATTTCAAG
C G T CG CT C T/T6 TC C TTTG A TG G G A T

GTAGGGCCAGGAAAGCGGGTGCAGTCTGGGGCCAGGGGGCTTTCTGATGCTGTGCTCACTCCTCTTGATTTCCTCCAAGTCAGTGAGGTTTATCCCTTTC
GTG ACA A A . T CT GA GTC T GAGACG C  .......... teeeeeso.CTT CG

AsnLeuLeuAspHisLeuGluGluLysMetProLeuGluAspGluValValProProGinVallLeuSerAspProAsn
CCTGTATTTTCCTTTTCTAAAGAATTTGCTGGACCATTTGGAAGAAAAGATGCCTTTAGAAGATGAGGTCGTGCCCCCACAAGTGCTCAGTGATCCGAAT
TAT GC A cc A cc G G GG A G GCC G GA C
GluGluAlaGlyAlaAlaLeuSerProLeuProGluValProProTrpThrGlyGluValSerProAlaG1nArgAspGlyGlyAlaLeuGlyArgGlyP
GAAGAAGCGGGGGCTGCTCTCAGCCCCCTCCCTGAGGTGCCTCCCTGGACCGGGGAAGTCAGCCCAGCCCAGAGAGATGGAGGTGCCCTCGGGCGGGGCC
G A C AT (o T G A CTT C CA TTCTA CA

roTrpAspSerSerAspArgSerAlaLeuLeulLysSerLysLeuArgAlaleuleuThrAlaProArgSerLeuArgArgSerSerCysPheGlyGlyAr

CCTGGGACTCCTCTGATCGATCTGCCCTCCTAAAAAGCAAGCTGAGGGCGCTGCTCACTGCCCCTCGGAGCCTGCGGAGATCCAGCTGCTTCGGGGGCAG
C C A T6 A T G G A A T

gMetAspArgIleGlyAlaGInSerGlyLeuGlyCysAsnSerPheArg

GATGGACAGGATTGGAGCCCAGAGCGGACTGGGCTGTAACAGCTTCCGGGTAAGAGGAACTGGGGATGGAAATGGGATGG

T T A C G T A

GATGGACACTACTGGGAGACACCTTCAGCAGGAAAGGGACCAATGCAGAAGCTCATTCCCTCTCAAGTTTCTGCCCCAACACCCAGAGTGCCCCATGGGT
AGGTCAGGTGGGGTCTTGTTAGGGCT CAAACCTTGCCAAGGGACACTACCAGGGAGCATCTTTGGCAGCTGAGAGCCTGATGCATGTATCATTTTCTCTG
GTCAGGACATIGCCATCTATTGTCCTITAGCTAGTCTGCTGAGAAAATGCTTAAAAAAAAAAAGGGGGGGGGGCTGGGCACAGCGCACGCCTGTAATCCCAG
TGAGTTCTTCCTCACTACGATGGGTGTCCCTTGAGTTTCAAGACAATGACAACAGCTGCAGGGT CTGAGCCACAAGCACTGGGGAGTTAGAATACAGGGC
CACTTTGGGAGGCCAGGCAGCGGATCATGAGGTCAAGAGATCAAGACTATCCTGGCCAACATGGTGAAACCCCAGCTCTACTAAAAATACAAAAATTAGC
CAAGACTGCCTCATTAATGCTTACCAGTGCCTTGCTTGCCGGTTTAATCACAGAGGCTAGACTGTGGCTTGTGGGAAAATAGTTGATCGCTGTTCAAGTG
TGBGTGTGTGGCGGGCACCTGTACTCTCAGCTACTTGGGAGGCTGAGGCAGGAGAATCACTTGAACCCAGGAGGCAGAGGTTGCAGTGAGCAGAGATCAC
GAACAA
GCCACTGCAGTCCAGCCTAGGTGATAGAGCGAGACTGTCTCAAAAAAAAAAAAAAAAGGCCAGGCGCGGTGGCTCACGCCTSTAATCCCAGCGCTTTGGG
AGGCCAAGGCGGGTGGAT CACGAGGT CAGGAGATGGAGACCAT CCTGGCTAACACGGTGAAACCCCGTCTCTACTAAAAATACAAAAAATTAGCCAGGCG
TGGTGGCAGGCGCCTGTAAG .....400 basepairs..... CAGGGGAGGGGGCCAGTGGGAAGCAGCTGGTCAGTAAT
CAAGTTCAGAGGATGGGCACACTCATACATGAAGCTGA

TyrEnd
.CTTTTCCAGGACAGCCAGGTCACCAAGCCAGATATGTCTGTGTTCTCTTTGCAGTACTGAAGATAACAGCCAGGGAGGACAAGCAGGGCTGGGCCTAGG
TT AGC TA G A T ceo . TATAT T T C A A GCA T GATT TGCTT
GA.CAGACTGCAAGAGGCTCCTGTCCCCTGGGGTCTCTGCTGCATTTGTGTCATCTTGTTGCCATGGAGT . TGTGATCATCCCATCTAAGCTGCAGCTTC

G TC A ATCTAAG T T GGCAC GC TG CA CCATG C GG AACA TCCTGG G
CTGTCAACACTTCTCACATCTTATGCTAACTGTAGATAAAGTGGTTTGATGGTGACTTCCTCGCCTCTCCCACCCCATGCATTAAATTTTAAGGTAGAAC
CTT TCA GATCG T A G TGTGA G CT GT G ...GT T T....... GC A T
CTCACCTGTTACTGAAAGTGGTTTG....... .. .AAAGTGAATAAACTTCAGCACCATGGACAGAAGACAAATGCC. . . TGCGTTGGTGTGCTTTCTTT
CT TA CA C  GAAAAAAAAA  AA A CCGGGC TGA TCTCT CTGCC
CTTCTTGGGAAGAGAATTCAGGCCGATATTCCTTGTCGTTTTACTCTTTGTCAGAGGAAAGAATGCTGAGTTTTTCTTCTTCCTTTCATTTCACCCTCCT
CAG TCTTT CTCTCC CA TTG C CA TTC CCCTC  CCCTCCCTCTTCTTCGTG T G G G GTGGGGGGGG GCCTCA G A
TTTTTGGTAGGTGGTTGGGAGGCCTAATTCATCTAGTGGGTTTTTT.... 2825
AG CCTCA AA C CT CCTC A C CAG A CC G AAAG CCCCACC 2036
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Fig. 2. A comparison of the nucleotide sequences of the human and mouse atrial natriuretic factor genes. The nucleotide sequence of the human
gene is drawn above the sequence of the mouse gene. The amino acid sequence of human preproANF is indicated. Only bases that differ between
the mouse and human gene are shown for the mouse gene. A dot in any nucleotide position represents absence of a base from that species.
Symbols indicate a potential enhancer sequence (dashed box), a TATAA sequence (jagged underline), and the probable site of initiation of mMRNA
transcription (circled). A potential glucocorticoid receptor binding site is boxed, and a polyadenylation signal is underlined.

Mouse
Rat

Mouse
Rat

Human Y*
Il | Mouse

Rat

1208

RR*
RR*

JLWGFY WPHIG VS
IKGFF WPHIG VS T

MWWWWWWWWWWWWW
[Human MSSFSTTTVSFLLLLAFQLLGQTRANPMYNAVSNADLMDFK 41
| T

v M A EQT S NPL SSRS P AG 1
v M A EQTD SS NS P AG I

,:Human NLLDHLEEKMPLEDEVVPPQVLSDPNEEAGAALSPLPEVPPWTGEVSPAQRDGGALGRGPWDSSDRSALLKSKLRALLTAPRSLRRSSCFGGRMDRIGAQSGLGCNSFR
1

151

150

Fig. 3. A comparison of human, mouse, and rat preproatrial natriuretic factors. Human preproANF consists of
151 amino acid residues, and rodent preproANF consists of 152 residues. The amino acid sequences predicted

from the structure of the genes (see Fig. 2) and the nucleotide sequences of the rat cDNA (7, 8) are aligned to
maximize homology. Amino acid sequences encoded by coding blocks I, II, and III of the mouse and human genes are shown. Numbers indicate
the last amino acid encoded in each human coding block. The precise location of the intervening sequence in the rat is not known but probably oc-
curs at the same relative location. The hydrophobic leader segment (residues 1 to 22) and ANF (residues 118 to 151) are defined by a jagged line
and a straight line, respectively. ProANF consists of amino acid residues 22 to 151.
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equally well. Maintaining hydrophobic-
ity in the leader peptide appears to be the
primary evolutionary constraint.

Sequences encoding both the mature
ANF peptide and the proANF precursor
are highly conserved, suggesting that
these structures are critical to their func-
tiens. While a biological role of ANF
may be regulation of salt and water ho-
meostasis, a role for the proANF mole-
cule is less well defined. Extensive se-
quence homology between human and
mouse proANF implies a specific, neces-
sary role. This region has been suggested
to encode a separate hormone (cardiodi-
latin) (11); alternatively, these sequences
may play a role in the processing and
storage of ANF. Atrial granules are
thought to be related to ANF production
(1-6). Perhaps proANF sequences direct
the biosynthesis of these granules.

A striking difference between human
and mouse ANF is at the carboxyl termi-
nus (coding block III, Fig. 3). The Arg-
Arg sequence in rodent ANF is a puta-
" tive peptidase cleavage signal similar to
that in other prohormones. Some prepa-
rations of purified rat ANF lack this
sequence (6), presumably as a result of
proteolytic digestion. These data have
two implications. First, the larger coding
block in rodents suggests that ANF may
have evolved from a longer peptide. Per-
haps " this ancestral proANF molecule,
larger than either the rodent or human
proANF, required proteolytic process-
ing to form its carboxyl terminus. Subse-
quent evolution in humans may have
introduced a stop codon at the end of the
gene, removing the requirement for any
proteolytic action. Second, persistence
of the carboxyl tyrosine residue, despite
rapid evolution of portions in the second
intervening sequence (IVS2) and 3’ un-
translated regions, suggests a critical
role for this residue in ANF activity.

The IVS2 of the human gene is 800 bp
longer than the corresponding IVS2 of
the murine gene (Fig. 2). A dot matrix
comparison (/9) of these sequences sug-
gests that there is no homology between
the IVS2’s of the two genes. Two tan-
dem reiterated sequences present only in
the human sequence are 80 percent iden-
tical to previously characterized Alu se-
quences.

A potential glucocorticoid receptor
binding site is present in the IVS2 of the
human gene (Fig. 2). The structure of the
glucocorticoid receptor binding site is
poorly understood; however, a consen-
sus sequence has been proposed (20).
Human ANF contains a sequence (resi-
dues 1291 to 1306) that is identical to the
consensus glucocorticoid receptor bind-
ing sequence at 9 of 11 bp. The mouse
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gene lacks this glucocorticoid receptor
binding site. An analogous situation is
found in the human growth hormone
gene, which contains a functional gluco-
corticoid receptor binding site that is
absent in the murine gene (27). Whether
or not the putative glucocorticoid recep-
tor binding site can bind the glucocorti-
coid receptor remains to be determined.
Further studies should identify the role
of steroid hormones in regulation of
ANF gene expression. Studies of the
conserved nucleotide sequences should
provide insight into the processes that
regulate production of the gene and the
mechanisms that control intravascular
pressure and volume.
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Synapsin I in Nerve Terminals: Selective Association with

Small Synaptic Vesicles

Abstract. Immunocytochemistry revealed that synapsin I is preferentially (and
possibly exclusively) associated with small (40- to 60-nanometer) synaptic vesicles
and not with large (greater than 60-nanometer) dense-core vesicles in bovine
hypothalamus. These observations may explain why synapsin I is found exclusively
in neurons, since small synaptic vesicles are specific to neurons whereas large dense-
core vesicles in neurons may be considered the equivalent of secretory organelles in

endocrine cells.

Synapsin I is a major neuron-specific
protein that is highly concentrated in
nerve endings, where it is associated
with the surface of synaptic vesicles (/-
4). Synapsin I is phosphorylated at multi-
ple sites both in vivo and in vitro by
Ca*"-calmodulin-dependent and adeno-
sine 3’,5'-monophosphate-dependent pro-
tein kinases (5) and probably plays an
important regulatory role in the function
of synaptic vesicles (3, 4). Such a role is
presumably related to some general as-
pect of synaptic vesicle function, since
synapsin I is present in virtually all syn-
aptic vesicles in most or all nerve end-
ings (2, 3). On the other hand, the ab-
sence of synapsin I from nonneuronal
cells and even from neuron-related cells,

such as the chromaffin cells of the adre-
nal medulla (6), indicates that it is in-
volved in some aspect of secretion spe-
cific to ‘‘bona fide’’ neurons. .

Neurons can, by exocytosis, secrete at
least two classes of substances: small
nonpeptide molecules (classical neuro-
transmitters) and peptides (7, 8). Classi-
cal and peptide neurotransmitters are
often released from the same neuron,
even though their secretion seems to
involve two distinct types of secretory
organelles (7-10). It appears that typical
synaptic vesicles, the small (40 to 60 nm
in diameter) synaptic vesicles (SSV’s),
are storage sites only for classical neuro-
transmitters, the content of each vesicle
representing a quantum of neurotrans-
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