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The Caenorhabditis elegans unc- 17 Gene: A 
Putative Vesicular Acetylcholine Transporter 

Aixa Alfonso,* Kiely Grundahl, Janet S. Duerr, He-Ping Han, 
James B. Rand? 

Mutations in the unc-17gene of the nematode Caenorhabditis elegans produce deficits in 
neuromuscular function. This gene was cloned and complementary DNAs were se- 
quenced. On the basis of sequence similarity to mammalian vesicular transporters of 
biogenic amines and of localization to synaptic vesicles of cholinergic neurons in C. 
elegans, unc-17 likely encodes the vesicular transporter of acetylcholine. Mutations that 
eliminated all unc-17 gene function were lethal,+suggesting that the acetylcholine trans- 
porter is essential. Molecular analysis of unc-17 mutations will allow the correlation of 
specific parts of the gene (and the protein) with observed functional defects. The mutants 
will also be useful for the isolation of extragenic suppressors, which could identify genes 
encoding proteins that interact with UNC-17. 

Mutations in the unc- 17 gene of C. ekgans 
were first described by Brenner (1). These 
mutations result in impaired neuromuscular 
function that leads to jerky, coiling loco- 
motion (1, 2) as well as abnormal pharyn- 
geal pumping and defecation (3). The role 
of acetylcholine as an excitatory neuro- 
transmitter at nematode neuromuscular 
junctions (4) suggests that unc- 17 might be 
involved in cholinergic processes. Brenner 
(1) also observed that unc-17 mutants were 
resistant to cholinesterase inhibitors. The 
direct effect of cholinesterase inhibition is a 
rise in the synaptic concentrations of ace- 
tylcholine. Therefore, genetic resistance 
may result from decreased synthesis or re- 
lease of the transmitter or from decreased 
resuonse to the transmitter. Additional ev- 
idence for cholinergic involvement came 
from the accumulation of high concentra- 
tions of acetylcholine in unc- 17 mutants (5) 
and the genetic interactions between unc- 
17 and the closely linked cha-1 gene, which 
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encodes choline acetyltransferase (ChAT, 
the-acetylcholine synthetic enzyme) (2, 6). 

We cloned the unc-1 7 genomic region by 
walking from the cha-1 gene (7). Putative 
unc- 1 7 complementary DNAs (cDNAs) 
were isolated from two different libraries, 
one prepared by Barstead and Waterston (8) 
and one purchased from Stratagene. These 
libraries were initially probed with genomic 
clones from the region and then with an 
unc- 1 7 cDNA, RM#5 1P (9). Five indepen- 
dent cDNAs from the region were isolated 
and, RM#51P was completely sequenced 
(10). The inserts from the remaining cDNA 
clones were characterized by restriction en- 
zyme analysis with high-resolution gels and 
by sequencing of the 5' and 3' ends. The 
unc-17 cDNA with the longest 5' sequence, 
RM#125P, was 48 base pairs (bp) longer 
than RM#51P and appeared to be the result 
of trans-splicing, with six nucleotides de- 
rived from the 22-nucleotide spliced leader 
SL1 (I I ) .  This cDNA was thus only 16 
bases short of full length. The total length of 
RM#125P was 1.9 kb. Consistent with this 
length, a single,, nonabundant mRNA of 
approximately 2.0 kb has been detected in 
Northern blots of wild-type RNA {either 
total or polyadenylate [poly(A)]-selected 

RNA} probed with unc- 1 7 cDNAs (1 2). We 
believe that these cDNAs correspond to the 
unc-17 gene for several reasons. First, the 
injection of cosmid F57G7 (containing the 
complete coding sequence of the cDNA) 
completely rescues the mutant phenotypes of 
unc- 1 7(e245) animals (1 3). In addition, 
three independent unc-17 mutations have 
been associated with alterations in the 
cDNA sequence (14). Finally, two unc- 17 
mutations led to decreased irnrnunohisto- 
chemical staining, with the use of an anti- 
body raised against a cDNA-encoded pep- 
tide (14). 

The translation of the open reading 
frame from the first methionine codon (81 
bp from the trans-splice acceptor site) gives 
a predicted protein (UNC-17) with 532 
amino acids, a mass of 58.5 kD, and an 
isoelectric point of 5.29 (Fig. 1). Two rat 
proteins have sequence similarity to UNC- 
17: (i) the synaptic vesicle monoamine 
transporter (MAT or SVAT) and (ii) the 
chromaffin granule amine transporter 
(CGAT). These proteins transport bio- 
genic amines (catecholamines, serotonin; 
and perhaps histamine) into synaptic vesi- 
cles or chromaffin granules (1 5, 16) and are 
62% identical (1 6). The C. elegans UNC- 
17 protein is 37% identical to CGAT and 
39% identical to SVAT (Fig. 1) and ap- 
pears to belong to the same gene family of 
proteins with 12 transmembrane domains 
(17). These characteristics suggest that it 
might also be a vesicular neurotransmitter 
transporter. 

To determine the cellular and subcellu- 
lar localization of UNC- 17, antibodies 
against UNC- 17-specific peptides were 
raised (1 8). Anti-UNC-17 staining was 
observed in most regions of the nervous 
system, including the nerve ring, the ven- 
tral and dorsal nerve cords, and the pharyn- 
geal nervous system (Fig. 2, A and B). 
Many, but not all, of the identifiable neu- 
rons contained the UNC-17 antigen. 
Within individual cells, anti-UNC- 17 
binding was punctate and appeared to be 
concentrated near synaptic regions (Fig. 2, 
A and B). Double labeling with antibodies 
to the C. elegans synaptic ~esi-cle protein 
synaptotagrnin (1 9) showed colocdization 
of the two antigens within a subset of 
neurons (Fig. 2, B and C). This colocaliza- 
tion suggests that in the cells that con- 
tained UNC-17, this protein was associated 
with synaptic vesicles. 

To confirm that UNC-17 was associated 
with synaptic vesicles, we took advantage 
of the properties of mutations in the unc- 
104 gene, which encodes a kinesin-related 
protein required for the axonal transport of 
synaptic vesicles (20). Viable unc- 104 mu- 
tants accumulate large numbers of synaptic 
vesicles in their cell bodies and have few 
vesicles in their processes. In unc-104 ani- 
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mals, anti-UNC- 17 staining was restricted 
to neuronal cell bodies (Fig. 2D), the pat- 
tern expected for a synaptic vesicle compo- 
nent. As in wild-type animals, the anti- 
UNC-17 staining in unc-104 mutants cor- 
responded to a subset o f  anti-synaptotagmin 
staining. 

The restriction o f  UNC- 17 to cell bodies 
in unc-104 mutants permitted identification 
of many of the cells in which it was ex- 
pressed. The neurons in the pharynx con- 

taining UNC- 17 were shown to correspond 
exactly to those that were labeled wi th 
antibodies to C. ekgans ChAT (2 1) (Fig. 
3), which suggests that UNC-17 was pres- 
ent only in cholinergic neurons. Compara- 
ble results were observed in other parts o f  
the nervous system. Taken together, they 
support the hypothesis that UNC-17 i s  
associated wi th synaptic vesicles in most, if 
not all, cholinergic neurons. 

More than 20 alleles o f  unc-17 that are 
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C U T  . . . . . . . . . .ml qVVlgapqRl -kegrqsR-1 ---V-N--------I t-V---V-tF-yatefkdsnssl hrgpsvssQqaL-spaFst 

Tnl 
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R12 TIU 
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Fig. 1. Deduced amino acid sequence of UNC-17 and alignment with SVAT and CGAT sequences. 
The standard single-letter abbreviations for amino acids are used (23); the cDNA sequence has 
been assigned GenBank accession number L19621. The synthetic peptide used as immunogen is 
italicized. Dots indicate gaps that have been introduced to optimize alignment; dashes indicate 
identity with the UNC-17 sequence. Uppercase letters denote similarity to the UNC-17 sequence 
(similarity groups: AILMV, C, DE, W, G, HKR, NQ, P, ST). Underlined sequences indicate the 
putative transmembrane domains (TM1 to TM12) as presented for the CGAT and SVAT sequences 
(16). Amino acid totals: UNC-17, 532; SVAT, 515; CGAT, 521. 

Fig. 2. lmmunostaining of C. elegans larvae with 
antibodies to an UNC-17 peptide and a synaptic 
vesicle protein. (A) Anterior nervous system in a 
wild-type L2 larva stained with anti-UNC-17. Punctate 
staining is especially dense in the circumferential 
nerve ring (nr), the region with the most extensive 
neuropile. Staining is less dense in the lateral and 
ventral ganglia (Ivg), which contain many neuronal cell 
bodies but relatively few synapses. Punctate staining 
is also seen along the ventral nerve cord (vc) and a 
pharyngeal nerve cord (pc). (B) Anti-UNC-17 staining 
in two of the pharyngeal nerve cords appears as lines 
of punctate staining in this higher magnification view 
of the isthmus of the wild-type L2 larva. (C) Staining 
with an antibody to C. elegans synaptotagmin (19), a 
synaptic vesicle protein, in the same animal shown in 
(B). Three nerve cords are seen as lines of Dunctate 
staining. The pattern of staining in two of these cords 
corresponds to the pattern seen with anti-UNC-17, 
but the staining in one cord is unique to anti-synap- 
totagmin. (D) The L2 larva with the unc-104(e1265) 
mutation shows much less UNC-17 staining than does 
the wild type in the neuropile-rich nerve ring and 
exhibits increased staining in particular cell bodies in 
the lateral and ventral ganglia. Scale bars, 20 km. 

viable as homozygotes have been identified: 
their phenotypes vary from mild (almost 
normal behavior and develo~ment) to se- 
vere (almost paralyzed, poor growth). Two 
o f  these mutants, md1447 and p279 (14), 
show a severe and uniform decrease in 
UNC- 17 staining throughout the nervous 
system. Both mutants showed normal anti- 
ChAT and anti-synaptotagmin staining. 

We have also been able to isolate. in a 
noncomplementation screen (22), two al- 
leles o f  um-17 (md64 and md75) that are 

Fig. 3. lmmunostaining with anti-ChAT and an- 
ti-UNC-17 antibodies in C. elegans larvae. (A) 
In the pharynx of a wild-type larva, two identi- 
fied cells, the motorneuron M2 and the inter- 
neuron 16 (24), stain diffusely and uniformly with 
anti-ChAT antibody (21). However, the other 10 
pharyngeal neuron cell bodies in this region 
(visualized by Nomarski optics) are not stained. 
(B) In the pharynx of an unc-104(e1265) mutant 
larva, anti-UNC-17 staining is concentrated in 
a patchy manner in the cell bodies of particular 
neurons. The image shows the same region of 
the pharynx shown in (A). Only the M2 and 16 
neurons are positive for UNC-17 staining. 

Fig. 4. Differential interference contrast 
(Nomarski) images of C. elegans wild-type and 
unc-17 mutants. (A) Body posture of the adult 
wild-type hermaphrodite during forward loco- 
motion. (8) Adult hermaphrodite homozygous 
for the unc-17(e245) mutation. These animals 
grow and reproduce but are severely uncoor- 
dinated and often assume a coiled posture. (C) 
Terminal phenotype of animals homozygous for 
the recessive lethal unc-17(md64) mutation. 
These larvae are extremely uncoordinated, do 
not grow, and die several days after hatching. 
Scale bars, 150 pm. 
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lethal as homozygotes ( 1  4). Animals ho- 
mozygous for either allele undergo appar- 
ently normal embryogenesis and hatch. 
The newly hatched animals are small and 
coiled and resemble an extreme version of 
young larvae homozygous for severe viable 
alleles of unc-17 (Fig. 4). These animals do 
not grow or feed, can barely move, and 
usually die within a few days. This pheno- 
type is the same that was observed with 
lethal alleles of cha-1 that eliminate acetyl- 
choline synthesis (6). These characteristics 
suggest that cholinergic function is com- 
pletely lost in the lethal unc-17 mutants. 
The lethal unc- 17 alleles are fully recessive 
to wild type, and animals heteroallelic for 
either lethal allele and a viable unc-17 
allele display a stronger phenotype than do 
the corresponding viable mutant homozy- 
gotes. Therefore, we conclude that the 
lethal phenotype represents the null (or 
near-null) unc-1 7 phenotype and that unc- 
17 encodes a function essential for survival. 
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