1duosnue Joyiny 1duosnuep Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
Curr Biol. Author manuscript; available in PMC 2015 November 25.

-, HHS Public Access
«

Published in final edited form as:
Curr Biol. 2014 March 3; 24(5): 519-525. d0i:10.1016/j.cub.2014.01.002.

C. elegans ciliated sensory neurons release extracellular
vesicles that function in animal communication

Juan Wang?!, Malan Silval*, Leonard Haas”, Natalia Morscil”", Ken C.Q. Nguyen?, David H.
Hall2, and Maureen M. Barrl

1Department of Genetics and The Human Genetics Institute of New Jersey, Rutgers University,
145 Bevier Road, Piscataway, NJ 08854 USA

2Center for C. elegans Anatomy, Albert Einstein College of Medicine, 1410 Pelham Parkway,
Bronx NY 10461

Summary

Cells release extracellular vesicles (ECVs) that play important roles in intercellular
communication and may mediate a broad range of physiological and pathological processes. Many
fundamental aspects of ECV biogenesis and signaling have yet to be determined, with ECV
detection being a challenge and obstacle due to their small size (100nm). We developed an in vivo
system to visualize the dynamic release of GFP-labeled ECVs. We show here that specific
Caenorhabdidits elegans ciliated sensory neurons shed and release ECVs containing GFP-tagged
polycystins LOV-1 and PKD-2. These ECVs are also abundant in the lumen surrounding the
cilium. Electron tomography and genetic analysis indicate that ECV biogenesis occurs via budding
from the plasma membrane at the ciliary base and not via fusion of multivesicular bodies (MVBs).
Intraflagellar transport (IFT) and kinesin-3 KLP-6 are required for environmental release of
PKD-2::GFP-containing ECVs. ECVs isolated from wild-type animals induce male tail chasing
behavior, while ECVs isolated from kip-6 animals and lacking PKD-2::GFP do not. We conclude
that environmentally released ECVs play a role in animal communication and mating related
behaviors.

Ciliated sensory neurons shed and release polycystin-containing
extracellular vesicles (ECVs)

Caenorhabditis elegans ciliated sensory neurons monitor internal and external conditions.
The hermaphrodite has 60 ciliated sensory neurons, the male possesses an additional 52 [1,
2]. Six IL2 (inner labial type 2) and 21 male-specific B-type sensory neurons are unique in
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that their sensory cilia protrude into the environment via a cuticular pore [1-3]. The C.
elegans polycystins LOV-1 and PKD-2 are expressed exclusively in 21 male-specific B-type
sensory neurons that include four CEM (cephalic male) neurons in the head, and HOB (hook
B-type) and bilateral ray B-type neurons (“RnB” where n=1~9 but not 6) in the tail (Figure
1) [4, 5].

GFP-tagged LOV-1 and PKD-2 extracellular vesicles (ECVs) are released from the tip of
the nose where CEM cilia are exposed, and from the tips of the male tail rays, where the
RnB cilia are exposed in late larval L4 and adult males (Fig. 1A-D). PKD-2::GFP labeled
ECVs are shed and released by late L4 males and trapped in the L4 molted cuticle
(Supplemental Movie 1). Another cilia-enriched protein CWP-1 (co-expressed with
polycystin-1, [6]) is abundantly shed and released by male-specific B type sensory neurons
(Fig. 1E, F) and from the IL2 neurons in both hermaphrodites and males throughout
development (data not shown). We can observe GFP-tagged ECV release from individual
RnB ciliated neurons (see inset of Fig. 1B, D, F). Inner labial sensilla, male cephalic
sensilla, male ray sensilla, and the male hook sensillum are similar in that each contain two
ciliated dendrites, with the tips of the IL2, CEM, RnB, and HOB cilia completely
penetrating the cuticle [1] and releasing ECVs (Figure 1, Table 1).

pkd-2 is required for male mating behavior, therefore we asked if PKD-2::GFP containing
ECVs are produced in a hermaphrodite-dependent manner. Adult males shed and release
PKD-2::GFP ECVs whether cultured as single males (virgin) or in mixed populations
(mated), suggesting that ECV production is constitutive in these conditions (Fig. 2A).

ECVs were harvested by washing off from culture plates and purified by repeated
centrifugations and filtering, as described in Supplemental Methods. Supplemental Movie 1
shows isolated PKD-2::GFP containing vesicles. Negative staining of the ECV preparation
reveals vesicle sizes averaging 91.7+ 92.5 nm (average + standard deviation; n=329). By
staining with a monoclonal LOV-1 antibody and using ultra-small (<0.8nm) gold labeled
secondary antibody detection followed by silver enhancement [7], we observe endogenous
LOV-1 containing ECVs (Fig. 1G-J) that are 111.2+ 31.1 nm in diameter (n=210; see
Supplemental Table 1 for ECV size comparison). These results confirm that C. elegans
ECVs contain endogenous LOV-1, and that ECV shedding is not a consequence of
overexpressed GFP-tagged proteins.

To test for cargo specificity of the shed vesicles, we examined GFP-tagged reporters of
known ciliary components (Table 1). We do not observe environmental release of GFP-
tagged B-tubulin TBB-4, IFT-A polypeptide IFT140/CHE-11, IFT-B polypeptide IFT52/
OSM-6, motors (kinesin-II, kinesin-2, and kinesin-3 KLP-6), or soluble GFP from B-type,
IL2, or any other ciliated sensory neurons. Therefore, in contrast to the polycystins LOV-1
and PKD-2, cilium structural components, intraflagellar transport (IFT) polypeptides, and
ciliary motors are not ECV cargo. Likewise, a GFP-labeled GPCR ODR-10::GFP that is
expressed in AWA (amphid wing A) neurons is not shed.

Lysosome-associated membrane protein 1 (LAMP1) is a marker of both exosomes and
microvesicles, types of ECVs [8, 9]. LMP-1::GFP is shed and released from male B-type
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ciliated neurons but not other ciliated sensory neurons. Hence, ECV shedding and release is
selective, constitutive, and abundant in IL2 and male-specific B-type ciliated sensory
neurons, and not a consequence of simply breakage from the cilium.

MVB biogenesis components are not essential for ECV release of
PKD-2::GFP

Exosomes and microvesicles/ectosomes are two main types of ECVs that differ in size and
origin [10, 11]. Exosomes are 40-100 nm in diameter and released by fusing of the
multivesicular body (MVB) with the plasma membrane. Microvesicles (also known as
ectosomes) are 100-1000 nm in diameter and generated by pinching off of the plasma
membrane. To investigate if components of the MVB pathway regulate PKD-2::GFP ECV
biogenesis, we examined PKD-2::GFP shedding and release in animals lacking the function
of MVB biogenesis components. The endosomal sorting complexes required for transport
(ESCRT-0, I, Il and I11), are vital components for MVB biogenesis [12]. The signal
transducing adaptor molecule STAM-1 is a component of ESCRT-0, binds ubiquitinated
PKD-2 and is required for PKD-2 downregulation [13]. MVB-12 is a conserved core
component of ESCRT-I [14]. ALX-1 is required for endosomal intralumenal vesicle
formation [15]. PKD-2::GFP ECV shedding and release is not reduced in stam-1, mvb-12 or
alx-1 mutants as determined by imaging PKD-2::GFP release from individual males, or by
visualizing PKD-2::GFP in isolated ECV preparations (Fig. 2B, Supplemental Fig. 1, and
data not shown).

IFT and kinesin-3 KLP-6 are required for PKD-2::GFP ECV release

In MDCK cell lines, IFT88 is required for polycystin 2 apical secretion [16]. In C. elegans
B-type neurons, IFT regulates PKD-2 ciliary abundance [17, 18]. IFT-B IFT88/osm-5 and
IFT-A IFT122/daf-10 are required for PKD-2::GFP ECV release into the environment (Fig.
2C). In contrast, Bardet-Biedl-Syndrome gene 7 homolog bbs-7 is not required for
PKD-2::GFP release. These results indicate that polycystin release in both mammalian
kidney cells and C. elegans B-type ciliated neurons relies on IFT88 and intact cilia.

In C. elegans amphid channel and phasmid cilia, two IFT motors, homodimeric kinesin-2
OSM-3 and the heterotrimeric Kinesin I1, encoded by kip-11, kip-20 and kap-1, act
redundantly [19]. The B-type neurons employ the kinesin-3 KLP-6 to regulate IFT and
PKD-2 ciliary localization, but klp-6, osm-3, or kinesin-I1 alone is not essential for CEM
ciliogenesis [20, 21]. Neither osm-3 nor kip-11 is required for shedding and release of
PKD-2::GFP containing ECVs (Fig. 2B). However, the osm-3;kip-11 double mutant is
defective in PKD-2::GFP release (Fig. 2B), indicating that the two anterograde IFT motors
act redundantly in this process (Fig. 2B). kip-6 mutant males do not release PKD-2::GFP
ECVs to the environment (Fig. 2B, C), suggesting that PKD-2::GFP accumulation at the
ciliary base [21] may reflect an ECV shedding or environmental release defect. We conclude
that intact cilia and the kinesin-3 klp-6 are required for PKD-2::GFP-ECV shedding and/or
release.
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ECVs are abundant in the cephalic lumen surrounding the CEM cilium

We performed electron tomography (ET) of the wild-type cephalic sense organ, or
sensillum, that houses the CEM neuron (Fig. 1K). The CEM cilium and ciliary base are
surrounded by an extracellular lumen that is formed by the glial sheath cell, socket cell and
the cuticle, with the ciliary tip exposed through the cuticular opening. ECVs are observed in
the lumen surrounding the CEM cilium and cilium base (Fig. 2C, Supplemental Movie 2).
We observed one ECV connected to the ciliary base membrane with a long stalk, indicating
that this ECV was either budding off or fusing with the membrane (data not shown).
Consistent with our finding that MVB components are not required for PKD-2::GFP ECV
shedding or release (Fig. 2B, Supplemental Fig. 1), we did not observe MVB structures
spanning the CEM neuron from the distal dendrite to the ciliary tip (Supplemental Movie 3
and data not shown).

In the four CEM neurons, we observed a range of 62 to 259 vesicles per lumen (Fig. 2C,
Supplemental Movie 2). The average ECV size was 104.7+46.7 nm (averagexSD;
Supplemental Table 1, Fig. 2C). Therefore, C. elegans ECVs are similar in size to both
microvesicles/ectosomes (100 — 1000 nm) and exosomes (40-100nm) [22]. In males, the
cephalic lumen surrounds the ciliated endings of both the CEM and CEP neurons. In
hermaphrodites, the cephalic lumen contains only the CEP neuronal cilium and lacks ECVs
[23], suggesting that luminal ECVs are produced by the male-specific CEM neurons.

To determine if ECVs are native to other ciliated sensilla, we examine the amphid sensilla
(major sensory organs in the anterior of the nematode) and the outer labial sensilla. Each
amphid sensillum contains 12 cilia surrounded by a lumen that formed by a sheath cell, a
socket cell, and the cuticle [23]. Although extensive TEM analysis has been done on the
amphids, no luminal ECVs have been reported. We performed ET on the amphid sensillum
of adult males. From two tomograms, we found only one vesicle in one and nine vesicles in
the other amphid channel lumen (Supplemental Figure 2). By contrast, we observed an
average of 162 ECVs in the male-specific cephalic lumen. Furthermore, the location of the
ECVs in the cephalic and amphid lumen was different. In the cephalic sensillum, ECVs are
found near the ciliary base of CEM neurons (Fig. 1K, 2C) whereas in the amphid sensillum,
rare ECVs are in close proximity to amphid channel cilia distal segments (Supplemental Fig.
2). In the outer labial sensillum, the OLQ cilium is surrounded by an extracellular lumen that
lacks ECVs (data not shown). Combined, these data suggest that the abundant ECVs found
in the cephalic lumen are shed by male-specific CEM ciliated sensory neurons.

klp-6 is required for PKD-2::GFP release

klp-6 mutant males are defective in PKD::GFP ECV release (Fig 2B) and accumulate
PKD-2::GFP in ciliary regions (Fig. 2F) [21], which may correlate with defects in ECV
biogenesis, shedding into the lumen, or release from the lumen to the exterior of the animal.
We therefore examined the cephalic sensillum of the kip-6 mutant by serial thin section
TEM. kIp-6 mutant males accumulate a large number of luminal ECVs (Fig. 2D) and
possess an extracellular lumen doubled in volume compared to wild type (Fig. 2E). ECVs in
the lumen surrounding the CEM cilia may be the source of the ECVs released outside of the
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worm. These results also indicate that kip-6 is not required for ECV biogenesis or shedding.
Rather, kip-6 may regulate ECV environmental release from the lumen. We can isolate
ECVs from klp-6 mutants via ultracentrifugation. These ECVs contain endogenous LOV-1
but not PKD-2::GFP (data not shown), indicating that kip-6 may play a role in ECV cargo
selection.

Isolated ECVs induce male tail chasing behavior

Functions of ECVs include protein disposal and cell-cell communication. As IL2 and B-type
neurons release ECVs to the environment, we hypothesized that ECVs may play a role in
animal-animal communication. To test this, we developed two behavioral assays. First, we
performed a choice assay, to determine if males can distinguish between ECVs versus M9
buffer alone (Fig. 3A). Males display no chemotactic preference for spots containing ECVs
from wild-type worms, ECVs from kip-6 worms, or M9 buffer (Fig. 3B). We conclude that
ECVs do not act as a long-range chemotactic cue. However, males did alter locomotion by
increasing reversal frequency in ECV spots but not M9 spots (Fig. 3C). Males exhibit
similar reversal frequency on both wild-type and the kIp-6 ECV preparations. We noticed
three instances of tail chasing behavior (in 27 recordings) in the wild-type ECV spot, in
which the male tail curls to contact its own head and moves in a backward circle. Tail
curling enables the male to contact and circle around the hermaphrodite body during mating
[24]. Tail curling behavior may also culminate in male-self or male-male contact [25]. Male-
male contact is called clumping behavior [25], in which pkd-2 males are defective [26].
Clumping is a population-based behavior and assays would be confounded by ECVs
produced by the population versus purified ECVs. We therefore developed an assay to
measure individual male-self contact or tail chasing behavior.

In the “tail chasing assay,” a large spot of ECVs from wild-type animals, kip-6 mutants, or
M9 buffer was placed and dried on a seeded agar plate (Fig. 3D). A single male was placed
on each spot directly. On wild-type ECV spots, males exhibited a high frequency of tail
chasing behavior (Fig. 3E, Supplemental Movie 3). In contrast, kip-6 ECV spots were not
significantly different than M9 control spots in inducing tail chasing behavior (Fig. 3E). We
conclude that environmentally released ECVs and ECV-cargo play a role in animal
communication and mating behavior.

Discussion

Here, we use C. elegans as a new model system to visualize ECVs release in vivo. We
identify ECV cargo and demonstrate animal behavior changes due to purified ECVs and
ECV cargo alone. ECV shedding from ciliated cells is an evolutionarily conserved
phenomenon. Membrane bound ECVs containing ciliary proteins including PKD2 have been
reported in Chlamydomonas and human urine [7, 16, 27].

From where are ciliary released ECVs derived? Recently Rosenbaum and colleagues

showed that Chlamydomonas releases ectosomes from the flagellar tip, and that ectosomes
contain an enzyme required to digest the mother cell wall and release newly born daughter
cells free [7]. In rat biliary epithelium, polycystin containing exosome-like vesicles may be

Curr Biol. Author manuscript; available in PMC 2015 November 25.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 6

extruded by the MVB at the base of the cilium [27]. In earlier work, Bloodgood showed that
antibody crosslinked flagellar membrane glycoproteins are enriched at the flagellar tip,
transported back to the cell body, and released from the base of the Chlamydomonas flagella
[28]. In C. elegans cephalic sensillia, ECVs are abundant at the CEM ciliary base of wild-
type and kip-6 males (Figure 2C, D, Supplemental Figure 1). In amphid sensilla, we observe
rare ECVs at the distal ciliary region of amphid sensillum (Supplemental Figure 2).
Combined, these results indicate that ciliary-derived ECVs may be generated and released
by multiple pathways.

ECVs are released from most mammalian cell types and carry specific protein and RNA
cargo that may be transferred between donor and recipient cells without requiring direct
contact. ECVs function in protein degradation and intercellular communication, and mediate
a broad range of physiological and pathological processes [22, 29]. Here we show that C.
elegans ECVs act as a local sensory cue by promoting male reversal behavior and tail
chasing behavior (Figure 3 and Supplemental Movie 4). The cue(s) provided by ECVs are
different than ascaroside cues, which were removed by washing in the ECV centrifugation
and isolation procedure [30]. Moreover, specific ECV cargo are required for tail chasing
behavior: ECVs isolated from klp-6 animals and lacking PKD-2::GFP do not trigger this
male-specific locomotory behavior. In natural populations, males are rare and capable of
sensing and responding to numerous cues from potential mates (reviewed by [31]). We
speculate that ECV-triggered reversals and tail chasing behavior may represent components
of a male behavioral repertoire aimed optimizing reproductive success with self-fertilizing
hermaphrodites. Consistent with the idea of sexual arms race, C. elegans males secrete
unidentified compounds that shorten the life span of hermaphrodites [32]. Whether male-
released ECVs play a role in male-induced demise of hermaphrodites is not known. We
propose that ECVs and ECV-cargo composition modulates animal-to-animal
communication, which to our knowledge, is a new radically function for ECVs.

An important and unresolved question is how ECVs interact with recipient cells. ECVs are
closely associated with mammalian cilia [27, 33, 34], yet the physiological relevance
remains elusive. Bodily fluids such as breast milk, urine, and seminal fluid are rich in ECVs
[27, 29] and may play a role animal communication. For example, breast milk plays a role in
development of newborn immunity [35]. We propose that ECVs play important and
unexplored roles in animal communication and behavior.

Experimental procedures

All nematodes were grown under standard conditions [36]. The following strain was used to
image ECV release and considered wild-type: PT621 him-5(e1490) myls4 [ PKD-2::GFP
+Punc-122::GFP]V [18]. Additional methods are provided in Supplemental Experimental
methods and strains in Supplemental Table 2.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

« Invivo imaging reveals that C. elegans ciliated neurons release ECVs.
e The polycystins LOV-1 and PKD-2 are ECV cargo.
e IFT and Kinesin-3 KLP-6 are required for PKD-2::GFP ECV release.

» Isolated ECVs trigger cargo-dependent behavioral changes in males.
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Figure 1.
IL2 and male-specific B-type ciliated neurons release GFP-labeled ECVs. Top panel,

cartoon of six IL2 and B-type sensory neurons in adult C. elegans male (in the head, four
CEM neurons, and in the tail, one HOB and 16 RnB neurons). (A, B) Male head and tail
images of LOV-1::GFP reporter (N-terminal extracellular domain of LOV-1 (1-991 aa)
fused to GFP). In all panels, red arrows point to ECVs surrounding the head and the tail.
Insets show framed area zoomed to 4X, and increased brightness to show GFP-labeled
ECVs. (C, D) Male head and tail images of PKD-2::GFP reporter. Green arrow head points
to a CEM cilium with PKD-2::GFP enriched at the tip. Yellow arrows point to the cuticular
pore of the ray neurons and PKD-2::GFP release around the pore. (E, F) CWP-1::GFP
release from the head and the tail. (G-J) Negatively stained ECVs. (G) ECVs with no
primary antibody control. (H, I and J) Different images of LOV-1 antibody labeling
endogenous LOV-1 on ECVs purified from wild-type hermaphrodites and males without a
GFP transgene, detection by 0.8 nm ultrasmall gold, followed by silver enhancement. Scale
bar of A-F is 10 um, of G-J is 100 nm. (K) Model based on electron tomography (ET) of
the distal end of the CEM neuron and its surroundings. The glial sheath cell and socket cell
form a continuous lumen surrounding the CEM neuron cilium, which is exposed to the
environment directly through a cuticular opening. The lumen is shared by CEM and CEP
neurons. The CEM neuron is more centrally located in the lumen, while the CEP neuron is
closer to the side of the lumen. ECVs are observed in the lumen (161.8 + 82.8 nm, Average
+SD of vesicles in each lumen).
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Figure 2.
ECV release is constitutive, independent of ESCRT-0 and -1 components, and dependent on

IFT and the kinesin-3 kip-6. (A) Wild-type L4 larvae, virgin males and mated males equally
shed and release PKD-2::GFP ECVs. (B) PKD-2::GFP ECV release is impaired in daf-10
(IFT-A), osm5 (IFT-B), osm-3;kip-11 (redundant anterograde kinesin-2 motors), kip-6
(kinesin-3) and che-3 (dynein heavy chain, retrograde motor). osm-3, kip-11, and bbs-7 and
MVB biogenesis pathway single mutants are not defective in PKD-2::GFP release. Error bar
indicates 95% confident intervals, * Different from wild type, Fisher’s exact test,
Bonferroni-Holm corrected P < 0.05). (C-D) Cross sections of the cephalic sensillum at
CEM transition zone level in wild type and kip-6 mutant. Yellow arrows point to the CEP
neuron; red arrows point to the CEM neuron; red arrowheads point to the ECVs. Scale bar is
200 nm. (E) Quantification of the lumen cross-sectional area in wild-type and klp-6 mutant
males. (F) klp-6 mutants accumulate PKD-2::GFP at the ciliary region, and the ratio of total
fluorescence intensity of cilium to soma is significantly greater than wild type (in E-F, error
bar indicates Stdev, *** p<0.001 by Mann-Whitney test).

Curr Biol. Author manuscript; available in PMC 2015 November 25.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Wang et al.

Page 12

>
os}
(@)

% .g _ *k%k
g 2 T 5 5 *kk
//""’7""'\ S g‘ . ]
~05¢cm >{°°d ©1.5 © 4
’ \ @ 531
Male- | ‘ 5 1 >
‘u\ , ‘KP\ / = o 2
e 505 - S
50m)\1 om }estSpot ° o1 -
NGM Plate 2 0. €0 - : ok
3 WT kip-6 buffer 2 WT kip-6 buffer
Choice Assay ECV Source ECV Source
D E
/// B ‘\\\ = 1 * ns
igme 32 ''m B .E
| | 85 08 38
Test/Spot © 3 S
5cm ’ €' 0.6 W25 o
~\_tem S 5 £ 5 &
NGM Plate -~ c® 0.4 108
25 B9
8= 02 02 3
e 2]
Tail Chasing Assay L= - = 3

WT kip-6 buffer
ECV Source

Figure 3.
Purified ECVs promote adult male-specific behaviors. (A) Diagram of choice assay plate.

Three spots of M9 (negative control), wild-type ECV suspension, and klp-6 ECV suspension
were placed equidistance apart on a 5 cm seeded NGM plate. A male was placed in the
center of the plate and his behavior recorded for five minutes. (B) The number of times the
male visited each test spot is not significantly different. (C) Males exhibit more reversals on
either the wild-type or the klp-6 ECV spot than on the M9 buffer (minus ECV) control spot
(p<0.001). The number of reversals is not different between the wild-type and kip-6 ECV
samples. Statistical analysis was done by Kruskal-Wallis test, six independent trials with 10
assays per trials. (D) To measure tail chasing behavior, the male was placed in a bigger spot
comprised of four smaller drops of the ECV preparation, with small food lawn to restrict the
male from wandering too far away from the spot. (E) Males displayed tail chasing behavior
only on wild-type ECVs (Supplemental Movie 3) but not on kip-6 ECVs or M9 buffer
control. Six independent trials with 20, 21, and 25 individual male assays for wild-type
ECV, kip-6 ECV and M9 buffer control respectively were performed. * Different from wild
type, Fisher’s exact test, Bonferroni-Holm corrected P < 0.05).
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Table 1

IL2 and male B-type ciliated neurons release specific GFP-labeled ECV cargo

Reporter Expression pattern and identity Animals releasing ECVs (%) | n

PKD-2::GFP Male B-type neurons, TRP polycystin-2 100 50
LOV-1::GFP1 Male B-type neurons, polycystin-1 5.6 53
CWP-1::GFP IL2 + male B-type neurons, secreted protein | 100 50
Posm-6::LMP-1::GFP | Pan-ciliary, LAMP1 13.1 38
CHE-11::GFP Pan-ciliary IFT complex A 0 20
OSM-6::GFP Pan-ciliary IFT complex B 0 19
OSM-3::GFP Pan-ciliary kinesin-2 motor 0 20
KAP-1::GFP Pan-ciliary kinesin-11 associated 0 20
KLP-6::GFP IL2 + male B-type neurons, kinesin-3 0 31
TBB-4::GFP Pan-ciliary axonemal tubulin 0 20
ODR-10::GFP AWA, GPCR 0 50
Ppkd-2::GFP PKD, Soluble GFP 0 20

Page 13

All reporters use their own promoter except where noted. Transgenic animals express LOV-1::GFP1 (a fusion between the extracellular domain of
LOV-1 (1-991 amino acids and GFP) at low levels and in a mosaic pattern, which is reflected in the lower number of animals releasing ECVs.
Adult males and hermaphrodites were examined.
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