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Furthermore, despite an established connection between lit-1 and

the Wnt/b-catenin asymmetry pathway (a major regulator of cell

fate decisions in C. elegans), we found no evidence linking Wnt

signaling to amphid morphogenesis (Table S1). These observations

are consistent with the idea that the role of lit-1 in sensory organ

morphogenesis does not involve cell fate decisions, but instead

reflects a novel function in cellular morphogenesis.

Within the context of cell fate decisions, LIT-1/NLK often acts

by impinging upon the activity of nuclear transcription factors

[30,43,44]. It is unclear whether the role of lit-1 in sensory organ

morphogenesis might also involve transcriptional regulation. The

C-terminal domain of LIT-1 is required for its role in amphid

morphogenesis and for its amphid channel localization, but it is

not essential for the ability of LIT-1 to enter the nucleus. This

suggests that LIT-1 may exert its primary influence on channel

morphogenesis at the channel itself. However, LIT-1 C-terminus

can interact not only with cytoskeletal proteins (actin and WASP)

but also with the transcription factors ZTF-16 and MEP-1 (Table

S2). Thus, while it is likely that sensory compartment localization

is important for LIT-1 function, we cannot rule out the possibility

that LIT-1 has independent relevant functions in the nucleus.

Opposing Activities of lit-1 and daf-6 Direct Sensory
Compartment Morphogenesis

Our results suggest that daf-6 and lit-1 direct the morphogenesis

of the sheath glia sensory compartment by exerting opposing

influences. In daf-6 mutants, neurons and glia form an amphid

primordium in which all components are initially linked and

aligned; however, the sensory compartment expands abnormally.

Conversely, in lit-1 mutants, the sensory compartment is too

narrow. Mutations in lit-1 can correct for the loss of daf-6; thus, lit-

1; daf-6 double mutants have relatively normal glial channels. A

situation that mimics lit-1; daf-6 double mutants arises in animals

with mutations in genes controlling neuronal cilia development. In

these animals, channel localization of LIT-1, as well as DAF-6, is

perturbed. Consistent with the lit-1; daf-6 phenotype, channel

formation is only mildly defective in these mutants [14].

The observation that lit-1 loss-of-function mutations suppress

daf-6 null alleles argues that lit-1 cannot function solely upstream

of daf-6 in a linear pathway leading to channel formation. Our

data, however, are consistent with the possibility that daf-6

functions upstream of lit-1 to inhibit lit-1 activity. Alternatively,

lit-1 and daf-6 may act in parallel. Our studies do not currently

allow us to distinguish between these models.

Vesicles, the Actin Cytoskeleton, and Sensory
Compartment Morphogenesis

How might DAF-6 restrict the size of glial sensory compart-

ments? Electron micrographs of the C. elegans amphid reveal the

presence of highly organized Golgi stacks near the amphid

channel. These images also show vesicles, containing extracellular

matrix, that appear to be released by the sheath glia into the

channel (Figure 1A) [11]. These studies suggest that vesicular

secretion may play a role in channel morphogenesis. Interestingly,

DAF-6 is related to Patched, a protein implicated in endocytosis of

the Hedgehog ligand, and the C. elegans Patched gene ptc-1 is

proposed to regulate vesicle dynamics during germ-cell cytokinesis

[45]. Furthermore, DAF-6 can be seen in punctate structures,

which may be vesicles [14], and DAF-6 and CHE-14/Dispatched

function together in tubulogenesis [14,16], a process hypothesized

to require specialized vesicular transport. Together these obser-

vations raise the possibility that DAF-6 may restrict amphid

sensory compartment expansion by regulating vesicle dynamics in

the sheath glia [14].

If indeed DAF-6 controls membrane dynamics, it is possible that

LIT-1, which localizes to and functions at the sheath glia channel,

also interfaces with such processes. How might LIT-1 localize to

the glial sensory compartment and control vesicle dynamics?

Previous studies suggest that cortical localization of LIT-1 requires

it to stably interact with WRM-1/b-catenin [33,34]. In the sheath

glia, however, we found that wrm-1 is not required for sensory

compartment morphogenesis or for LIT-1 localization and that

LIT-1 and WRM-1 do not co-localize to the amphid sensory

compartment (unpublished data). Instead, we found that LIT-1

physically interacts with actin and that actin is highly enriched

around the amphid sensory compartment. Thus, actin might serve

as a docking site for LIT-1. The interaction between LIT-1 and

actin may not be passive. Indeed, we showed that LIT-1 also binds

to WASP, and mutations in wsp-1/WASP suppress daf-6 similarly

to mutations in lit-1. Furthermore, WASP activity is stimulated by

phosphorylation of Serines 483 and 484 [46], suggesting that LIT-

1, a Ser/Thr kinase, could activate WASP to promote actin

remodeling.

Remodeling of the cortical actin cytoskeleton plays important

roles in several aspects of membrane dynamics [47]. For example,

WASP-dependent actin polymerization has a well-established role

in promoting vesicle assembly during clathrin-mediated endocy-

tosis [48]. Recent work has demonstrated positive roles for actin

polymerization in exocytosis as well [49,50]. In pancreatic acinar

cells, secretory granules become coated with actin prior to

membrane fusion [51], and in neuroendocrine cells, actin

polymerization driven by WASP stimulates secretion [52]. During

Drosophila myoblast fusion, actin polymerization, dependent on

WASP and WASP interacting protein (WIP), is required for

targeted exocytosis of prefusion vesicles [53], and antibodies

against WASP inhibit fusion of purified yeast vacuoles [54]. An

attractive possibility, therefore, is that LIT-1 might regulate

sensory compartment morphogenesis by altering vesicle trafficking

through WASP-dependent actin polymerization.

Glial ensheathment is a feature of many animal sensory organs

and synapses, and LIT-1 and WASP are highly conserved,

suggesting that our studies may be broadly relevant. Interestingly,

Figure 7. The actin cytoskeleton is involved in amphid sensory compartment morphogenesis. (A) Growth assay (left) and quantitative b-
galactosidase enzymatic activity assay (right) demonstrating the interaction between LexA fused to the LIT-1 carboxy-terminal domain and GAD
fused to fragments of ACT-4 or WSP-1. Error bars, standard deviation. f, fragment. 2WL, medium without Tryptophan and Leucine. –WLH, medium
without Tryptophan, Leucine, and Histidine. 3AT, 3-amino-1,2,4-triazole. A.U., arbitrary units. (B) Amphid channel localization of GFP::ACT-4 (transgene
nsEx2876). Anterior is to the left. Scale bar, 10 mm. (C, D) fEM (see Experimental Procedures) of a cross-section through the amphid channel (blue
trace) just below the socket-sheath junction (C) or 2 mm posterior (D). White puncta indicate mEos::ACT-4 localization. Transgene used nsEx2970.
Asterisks, cilia. Scale bars, 1 mm. (E–G) Co-localization of GFP::WSP-1 and mCherry::LIT-1 at the amphid sensory compartment (transgene nsEx3245).
The T02B11.3 amphid sheath promoter [32] was used to drive all constructs. Anterior is to the left. Scale bars, 10 mm. (H) The carboxy-terminal domain
of LIT-1 co-immunoprecipitates with WSP-1. Drosophila S2 cells were transfected with HA::eGFP::LIT-1Ct and with or without MYC::WSP-1. Cell lysates
were immunoprecipitated using anti-MYC-conjugated agarose beads and analyzed by anti-HA immunoblot. (I) Dye filling in animals of the indicated
genotypes (n$90). The alleles used are: daf-6(n1543), lit-1(ns132), wsp-1(gm324). daf-6 is marked with unc-3(e151) in all strains. unc-3(e151) does not
affect dye filling (unpublished data). Error bars, SEM. See also Table S2.
doi:10.1371/journal.pbio.1001121.g007
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LIT-1 was recently shown to be required for cell invasion through

basement membranes in C. elegans and in metastatic carcinoma

cells [55], processes that require extensive remodeling of the actin

cytoskeleton. Our results may, thus, represent a general mecha-

nism for regulating cell shape changes using localized interactions

of LIT-1/NLK with cytoskeletal proteins.

Materials and Methods

Strains, Plasmid Construction, and lit-1 Mapping and
Cloning

See Supporting Information.

Dye-Filling Assay
Animals were washed off NGM plates with M9 buffer,

resuspended in a solution of 10 mg/mL of DiI (1,19-dioctadecyl-

3,3,39,39-tetramethylindocarbocyanine perchlorate) (Invitrogen

D282), and rotated in the dark for 1.5 h at room temperature.

Animals were then transferred to a fresh NGM plate, anaesthe-

tized with 20 mM sodium azide, and observed using a dissecting

microscope equipped with epifluorescence. Animals in which none

of the amphid neurons filled with dye were scored as dye-filling

defective (Dyf). For the sensitized dye-filling assay, 1 mg/mL of DiI

was used, and the incubation time was 15 min. Animals were

scored as dye filling defective (Dyf) if either one or two amphids

failed to fill.

Transmission Electron Microscopy and Fluorescence
Electron Microscopy (fEM)

See Supporting Information and [37].

Fluorescence Microscopy and Image Analysis
Images were acquired using a DeltaVision Image Restoration

Microscope (Applied Precision) equipped with a 606/NA 1.42

Plan Apo N oil immersion objective (Olympus) and a Photometrics

CoolSnap camera (Roper Scientific), or an Upright Axioplan LSM

510 laser scanning confocal microscope (Zeiss) equipped with a C-

Apochromat 406/NA 1.2 objective. Acquisition, deconvolution,

and analysis of images from the DeltaVision system were

performed with Softworx (Applied Precision); images from the

confocal microscope were acquired and analyzed using LSM 510

(Zeiss).

Yeast Two-Hybrid Screen
LexA::LIT-1Ct was used as bait in a Y2H screen using the

DUALHhybrid kit (Dualsystems Biotech) in conjunction with the

C. elegans Y2H cDNA library (Dualsystems Biotech), as described

by the manufacturer. For the growth assay, cultures growing on

Synthetic Complete Dextrose –Tryptophan, –Leucine (SCD –WL)

plates were resuspended in water to OD660 = 0.1. 5 mL of each

culture were seeded on SCD –WL plates and SCD –WL, –

Histidine (H) plates + 1 mM 3AT (3-amino-1,2,4-triazole) to select

for HIS3 expression. b-galactosidase assay was performed using

the yeast b-galactosidase assay kit (Thermo Scientific).

Protein Interaction Studies
Drosophila S2 cells (Invitrogen) cultured at 25uC were transfected

with FuGene HD (Roche), incubated for 3 d, and lysed in 1 mL of

IP buffer (60 mM Tris HCl, pH 8.0, 1% Tergitol type NP-40

(Sigma), 10% glycerol, 16Complete protease inhibitor cocktail

(Roche), 16PhoStop phosphatase inhibitor cocktail (Roche)).

100 mL of lysate was stored on ice as input. Immunoprecipitation

was performed with the remaining lysate for 2 h at 4uC, using goat

anti-myc-conjugated agarose beads (Genetex). Immunoprecipitat-

ed complexes were released from the beads with 100 mL of sample

buffer (same as IP buffer with the addition of 2% sodium

dodecylsulfate (SDS), 0.1 M Dithiothreitol (DTT), and 0.01%

bromophenol blue). Samples were analyzed on NuPage 4%–12%

Bis-Tris gels (Invitrogen). Immunoblotting was performed using

rat monoclonal anti-HA 3F10 coupled to horseradish peroxidase

(HRP) (Roche), 1:2,000; rabbit polyclonal anti-myc (AbCam),

1:5,000; And goat polyclonal anti-rabbit (Pierce) coupled to HRP,

1:2,000.

Supporting Information

Figure S1 Amphid sensory compartment morphogenesis in

wild-type embryos. Electron micrographs of cross-sections through

the amphid primordium in wild-type animals. Top: At approxi-

mately 380 min after fertilization, the amphid pocket is blocked

anteriorly by a cap formed by the sheath glia (left). More

posteriorly (middle and right), the sheath wraps around the

dendrites of the amphid neurons. Bottom: At approximately

400 min after fertilization, the amphid channel is open, with

filaments (asterisk) visible at the level of the socket (left; arrow

indicates socket self junction). More posteriorly (middle and right),

the sheath glia wraps around the dendrites of the amphid neurons.

Filaments (asterisk) can be seen in the middle section.

(TIF)

Figure S2 Dye-filling assay and lit-1(ns132) mapping and

cloning. (A–C) Fluorescence images of (A) wt, (B) daf-6(e1377),

and (C) lit-1(ns132); daf-6(e1377) animals after incubation for 1.5 h

in 10 mg/mL of DiI (red). Scale bars, 50 mm. (D) Using SNP

mapping (see Supplemental Materials and Methods, Text S1),

ns132 was mapped to the right end of chromosome III, distal to

the SNP F54F12:17329 at genetic position +20.72. The cosmids

ZK520, ZK525, W96F12, and K08E3 were used for the

construction of transgenic strains (see panel E). (E) Dye-filling in

animals of the indicated genotypes (n$90). The alleles used were

daf-6(e1377) and lit-1(ns132). lit-1 genomic and lit-1(ns132) genomic

correspond to constructs pGO1 and pGO2, respectively (see

Supplemental Materials and Methods, Text S1).

(TIF)

Figure S3 Nuclear localization of LIT-1 is not abrogated by

disruption of the LIT-1 carboxy-terminal domain. (A–C) Fluores-

cence images of sheath glia cell body and nucleus in animals

transgenic for the indicated GFP::LIT-1 fusion protein. Trans-

genes depicted: nsEx2606 (A), nsEx2609 (B), nsEx2747 (C). Arrow,

cell nucleus. Scale bar, 10 mm. The T02B11.3 promoter was used

to drive all constructs.

(TIF)

Figure S4 Sensory compartment localization of LIT-1, MOM-

4, and ACT-4 are independent of daf-6. (A–C) Fluorescence

images of adult daf-6(n1543) animals expressing the indicated GFP

fusion proteins. The T02B11.3 amphid sheath promoter was used

to drive all constructs. Trangenes depicted: nsEx2606 (A),

nsEx2840 (B), nsEx2876 (C). Anterior is to the left. Scale bars,

10 mm.

(TIF)

Figure S5 Overexpression of LIT-1 within the sheath glia

disrupts cellular morphology. (A) Fluorescence projection image of

the sheath glia promoter F16F9.3 driving dsRed (transgene

nsEx3272). (B) Fluorescence projection image of a transgenic

animal carrying a high copy number of the T02B11.3 amphid

sheath promoter driving GFP::LIT-1 (transgene nsEx2619).

Compare the extensive branching of the sheath glia process with
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(B). (C) Fluorescence image of the sensory compartment of an

animal with the same genotype as the one in (B). Compare with

Figure 6A. Anterior is to the left. Scale bars, 10 mm.

(TIF)

Table S1 Components of the Wnt signaling pathway do not

affect amphid morphogenesis.

(DOC)

Table S2 Clones identified from a yeast-two-hybrid screen for

proteins that interact with the carboxy-terminal domain of LIT-1.

(DOC)

Text S1 Supplemental Materials and Methods.

(DOC)
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Table	  S1.	  Components	  of	  the	  Wnt	  signaling	  pathway	  do	  not	  affect	  amphid	  morphogenesis	  	  
Common	  
name	  

C	  .elegans	  gene	  
name	   Allele	   %	  Dye-‐fillinga	   %	  Dye-‐filling	  in	  

daf-6(n1543)b	  
Porcupine	   mom-1	   RNAi	   NDc	   0	  

mu71	   100	   5	  Wntless	   mig-14	  
ga62	   100	   2	  

lin-44	   n1792	   100	   0	  
egl-20	   mu27	  d	   100	   0	  
cwn-1	   ok546	   100	   3	  
cwn-2	   ok895	   100	   0	  

ne834	   100	   0	  

Wnt	  

mom-2	   or309	   100	   ND	  
n671	   100	   4	  
n698	   100	   ND	  lin-17	  
n3091	   100	   ND	  

mig-1	   e1787	   100	   6	  
or57,	  zu193	   100	   ND	  

mom-5	   RNAi	   ND	   0	  
cfz-2	   ok1201	   100	   5	  

Frizzled	  

mig-1	  lin-17;	  cfz-2	  	  
e1787,	  n677,	  
ok1201	  

respectively	  
100	   0	  

mig-5	   rh147	   100	   0	  
ok1445	   100	   0	  

dsh-1	   RNAi	   ND	   0	  
ok2162	   100	   ND	  

Dishevelled	  

dsh-2	   RNAi	   ND	   0	  
Ryk	   lin-18	   e620	   100	   0	  

bar-1	   ga80	   100	   2	  
wrm-1	   ne1982	   100	   1	  
hmp-2	   RNAi	   ND	   0	  

q544	   100	   ND	  
β-‐catenin	  

sys-1	   RNAi	   ND	   0	  
q624	   100	   0	  TCF/LEF	   pop-1	   RNAi	   ND	   0	  

ROR1	   cam-1	   ks52	   100	   8	  
Van	  Gogh/	  
Strabismus	   vang-1	   ok1142	   100	   0	  

a	  n≥100	  for	  each	  genotype.	  
b	  Full	  genetic	  background	  was	  unc-3(e151)	  daf-6(n1543)	  except	  for	  RNAi	  experiments	  
where	  background	  was	  rrf-3(pk1426);	  unc-3(e151)daf-6(n1543).	  	  rrf-3	  increases	  the	  
sensitivity	  to	  RNAi	  [1],	  but	  does	  not	  affect	  dye-‐filling	  (data	  not	  shown);	  n≥100	  for	  all	  
experiments.	  



c	  ND,	  not	  determined.	  
d	  The	  reference	  egl-20	  allele	  n585	  harbors	  a	  background	  mutation	  that	  suppresses	  the	  
dye-‐filling	  defects	  of	  daf-6(n1543).	  	  The	  mu27	  allele,	  shown	  here,	  has	  the	  same	  molecular	  
lesion	  as	  n585	  [2],	  but	  does	  not	  suppress	  daf-6.	  
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Table	  S2.	  Clones	  identified	  from	  a	  yeast-two-hybrid	  screen	  for	  proteins	  that	  
interact	  with	  the	  carboxy-terminal	  domain	  of	  LIT-1	  

Gene	   No.	  clones	  found	   Description	  

mep-1	   1	   zinc-‐finger	  protein	  
T24E12.9	   1	   protein	  of	  unknown	  function	  
vit-3	   2	   vitellogenin	  
fbp-1	   1	   fructose	  1,6-‐bisphosphatase	  
act-4	   4	   actin	  

Y87G2A.1	   2	   protein	  of	  unknown	  function	  
wsp-1	   1	   WASP	  
ztf-16	   1	   zinc-‐finger	  protein	  
C50F4.1	   1	   protein	  of	  unknown	  function	  
C44B12.5	   6	   protein	  of	  unknown	  function	  
nrde-3	   1	   argonaute	  protein	  
ost-1	   1	   osteonectin,	  ECM	  protein	  
unc-52	   1	   perlecan,	  ECM	  protein	  
tag-30	   1	   protein	  of	  unknown	  function	  
vit-4	   1	   vitellogenin	  

C34F11.3	   1	   adenosine	  monophosphate	  deaminase	  
	  

	  



Supplemental	  Materials	  and	  Methods	  

Strains	  

Strains	  were	  handled	  using	  standard	  methods	  [1].	  	  All	  strains	  were	  maintained	  and	  

scored	  at	  20°C	  unless	  otherwise	  indicated.	  	  The	  alleles	  used	  in	  this	  study	  are:	  daf-

6(e1377,	  n1543)	  [2]	  and	  [3]	  respectively),	  lit-1(t1512)	  [4],	  lit-1(ns132)	  (described	  

here),	  che-14(ok193)	  [5],	  wsp-1(gm324)	  [6],	  mom-4(ne1539)[7],	  a	  gift	  from	  Craig	  

Mello),	  daf-19(m86)	  [8],	  daf-16(mu86)(	  [9],	  mig-14(mu71)	  [10],	  mig-14(ga62)[11],	  

lin-44(n1792)	  [12],	  egl-20(n585,	  mu27)	  [13]	  and	  [10]	  respectively),	  cwn-1(ok546)	  

[14],	  cwn-2(ok895)	  [14],	  mom-2(ne834)	  [7],	  a	  gift	  from	  Craig	  Mello),	  mom-2(or309)	  

[15],	  lin-17(n671,	  n698)	  [16],	  lin-17(n3091)	  [17],	  mig-1(e1787)	  [18],	  mom-5(or57)	  

[15],	  mom-5(zu193)	  [19],	  cfz-2(ok1201)	  [14],	  mig-5(rh147)	  [20],	  lin-18(e620)	  [16],	  

bar-1(ga80))	  [11],	  wrm-1(ne1982)	  [7],	  a	  gift	  from	  Craig	  Mello),	  pop-1(q624)	  [21],	  

cam-1(ks52)	  [22],	  vang-1(ok1142)	  [23],	  unc-3(e151)	  [24],	  unc-32(e189)	  [25].	  	  

	  

Unstable	  extrachromosomal	  transgenes	  used	  in	  this	  study:	  

Extrachromosomal	  array(s)	   Constructs	  
nsEx1933,	  nsEx1934,	  nsEx1935,	  nsEx1936	   pGO1,	  pMH135	  
nsEx1931,	  nsEx1932	   pGO2,	  pMH135	  
nsEx2159,	  nsEx2160	   pGO6,	  ptr-10pro::NLSRFP,	  pRF4	  
nsEx2078,	  nsEx2079,	  nsEx2080,	  nsEx2081	   pGO8,	  pMH135	  
nsEx2108,	  nsEx2109,	  nsEx2110,	  
nsEx2111,	  nsEx2112,	  nsEx2113	  

pGO10,	  vap-1pro::GFP	  

nsEx2308,	  nsEx2309,	  nsEx2310	   pGO17,	  vap-1pro::GFP,	  pRF4	  
nsEx2952,	  nsEx2953,	  nsEx2954	   pGO18,	  pMH135	  
nsEx2541,	  nsEx2542,	  nsEx2543	   pGO20,	  pEP51	  
nsEx2539,	  nsEx2540	   pGO32,	  pEP51	  
nsEx2605,	  nsEx2606,	  nsEx2607,	  
nsEx2608,	  nsEx2619,	  nsEx2829,	  
nsEx2830,	  nsEx2831	  

pGO38,	  pRF4	  

nsEx2609,	  nsEx2610,	  nsEx2611,	  nsEx2612	   pGO47,	  pRF4	  



nsEx2626,	  nsEx2627,	  nsEx2628,	  
nsEx2629,	  

pGO56,	  pRF4	  

nsEx2747,	  nsEx2748,	  nsEx2749	   pGO73,	  pRF4	  
nsEx2760,	  nsEx2761,	  nsEx2762,	  
nsEx2766,	  nsEx2767,	  nsEx2768,	  
nsEx2750,	  nsEx2751,nsEx2752	  

T02B11.3pro::GFP,	  gcy-5pro::mCherry,	  
pEP51	  

nsEx2838,	  nsEx2839,	  nsEx2840	   pGO91,	  pRF4	  
nsEx2874,	  nsEx2875,	  nsEx2876	   pGO116,	  pGO93	  
nsEx2968,	  nsEx2969,	  nsEx2970	   pGO120,	  pRF4	  
nsEx3243,	  nsEx3244,	  nsEx3245,	  nsEx3246	   pGO177,	  pGO65,	  pRF4	  
	  

Plasmid	  Construction	  

Table	  of	  the	  plasmids	  used	  in	  this	  study.	  	  All	  pGO	  constructs	  were	  made	  using	  

pPD95.75	  (Andrew	  Fire)	  as	  a	  backbone,	  unless	  otherwise	  noted.	  

Plasmid	   Description	   Details	  

pGO1	   lit-1	  genomic	  region	  

8.2	  kb	  genomic	  region	  that	  includes	  the	  
lit-‐1	  locus	  (W06F12.1b.1	  transcript)	  
with	  a	  2.1	  kb	  promoter	  region	  and	  a	  
637	  bp	  3’UTR	  (SalI/AflII)	  
Forward	  primer:	  gtcgaccgattttttttcacg	  
Reverse	  primer:	  
gtgaaagaactcggtagtattggcac	  

pGO2	   lit-1(ns132)	  genomic	  region	   Same	  as	  pGO1	  but	  amplified	  from	  the	  
lit-1(ns132)	  strain	  	  

pGO6	   lit-1pro::NLS-‐GFP	  

lit-1pro	  consists	  of	  2.5	  kb	  upstream	  of	  
the	  lit-1	  start	  site	  (W06F12.1b.1	  
transcript)	  (SphI/BamHI).	  Cloned	  in	  
pPD95.69	  (Andrew	  Fire)	  

pGO8	   lit-1pro::LIT-‐1	   lit-1	  cDNA	  (yk1457b04)	  a	  gift	  from	  Yuji	  
Kohara	  (AgeI/EcoRI)	  

pGO10	   lin-26myo-2pro::LIT-‐1	  

The	  e1	  lin-26	  promoter	  fragment	  [26]	  
fused	  to	  the	  myo-2	  minpro	  [27]	  (a	  gift	  
from	  Maxwell	  G.	  Heiman	  [28]	  
(SphI/XbaI),	  	  

pGO17	   lit-1pro::NLS-‐RFP	   see	  pGO6	  

pGO18	   dyf-7pro::LIT-‐1	  
dyf-7pro	  (SphI/XmaI)	  a	  gift	  from	  
Maxwell	  G.	  Heiman	  [28],	  driving	  the	  lit-
1	  cDNA	  (see	  pGO10)	  

pGO20	   lin-26myo-2pro::GFP::LIT-‐1	   lin-26myo-2pro	  (see	  pGO10)	  driving	  a	  
rescuing	  GFP::LIT-‐1	  fusion	  

pGO32	   vap-1pro::GFP::LIT-‐1	   vap-1pro	  a	  gift	  from	  Leo	  Liu.	  See	  also	  



[29]	  

pGO38	   T02B11.3pro::GFP::LIT-‐1	   T02B11.3pro	  a	  gift	  from	  Maya	  Tevlin	  
[30]	  	  

pGO47	   T02B11.3pro::GFP::LIT-‐
1Q437Stop	   The	  lit-1	  cDNA	  truncated	  at	  Q437	  

pGO56	   T02B11.3pro::GFP::LIT-‐1Ct	  
GFP	  fused	  to	  the	  carboxy-‐terminal	  
domain	  of	  LIT-‐1	  (last	  103aa,	  
EEGRLRFH...PPSPQAW)	  

pGO65	   F16F9.3pro::mCherry::LIT-‐1	   F16F9.3pro	  a	  gift	  from	  Maya	  Tevlin	  [31]	  

pGO73	   T02B11.3pro::GFP::LIT-‐1ΔCt	   GFP	  fused	  to	  lit-1	  cDNA	  truncated	  at	  
L359	  

pGO87	   pLexA-‐N::LIT-‐1Ct	  
LexA	  fused	  to	  the	  carboxy-‐terminal	  
domain	  of	  LIT-‐1	  (last	  103aa,	  
EEGRLRFH...PPSPQAW)	  

pGO91	   T02B11.3pro::GFP::MOM-‐4	   GFP	  fused	  to	  mom-4	  cDNA	  (yk1072f05),	  
a	  gift	  from	  Yuji	  Kohara	  

pGO93	   pha-4pro::mCherry	   pha-4pro	  a	  gift	  from	  Maxwell	  G.	  Heiman	  
pGO116	   T02B11.3pro::GFP::ACT-‐4	   GFP	  fused	  to	  act-4	  cDNA	  

pGO119	   Ac::MYC::WSP-‐1	  
myc	  tagged	  wsp-1	  cDNA	  in	  the	  pAc,	  
Drosophila	  actin	  5c	  promoter	  vector,	  a	  
gift	  from	  Michael	  Chiorazzi;	  see	  [32]	  

pGO120	   T02B11.3pro::mEos::ACT-‐4	   mEos	  a	  gift	  from	  Loren	  L	  Looger.	  See	  
[33]	  

pGO123	   Ac::HA::eGFP::LIT-‐1	   See	  pGO119.	  eGFP	  a	  gift	  from	  Maya	  
Bader	  

pGO131	   T02B11.3pro::GFP::ACT-‐1	   T02B11.3pro	  a	  gift	  from	  Maya	  Tevlin	  
[30]	  

pGO177	   T02B11.3pro::GFP::WSP-‐1	   T02B11.3pro	  a	  gift	  from	  Maya	  Tevlin	  
[30]	  

pRF4	   rol-6(su1006)	   from	  [34]	  
pMH135	   pha-4pro::GFP	   a	  gift	  from	  Maxwell	  G.	  Heiman	  [28]	  
pEP51	   unc-122pro::GFP	   coelomocyte	  marker	  
	   ptr-10pro::NLS-‐RFP	   from	  [35]	  

	   vap-1pro::GFP	   vap-1pro	  a	  gift	  from	  Leo	  Liu.	  See	  also	  
[29]	  

	   gcy-5pro::mCherry	   gcy-5pro	  after	  [36]	  
	   T02B11.3pro::GFP	   a	  gift	  from	  Maya	  Tevlin	  [30]	  
	   F16F9.3pro::mCherry	   a	  gift	  from	  Maya	  Tevlin	  [31]	  
	  

	  

lit-1	  Mapping	  and	  Cloning	  	  



ns132	  was	  mapped	  using	  single	  nucleotide	  polymorphism	  mapping	  [37]	  to	  the	  right	  

arm	  of	  Chromosome	  III.	  	  We	  generated	  transgenic	  ns132;	  daf-6(e1377)	  animals	  

carrying	  extrachromosomal	  arrays	  of	  cosmids	  from	  this	  region	  (provided	  by	  the	  

Sanger	  Center,	  Cambridge,	  UK).	  	  The	  genes	  in	  the	  rescuing	  cosmid,	  W06F12,	  were	  

sequenced,	  and	  a	  C-‐>T	  transition	  creating	  a	  premature	  stop	  codon	  was	  identified	  in	  

the	  last	  exon	  of	  the	  lit-1	  gene.	  	  

	  

Transmission	  Electron	  Microscopy	  (EM)	  

Previously	  described	  conventional	  fixation	  methods	  were	  used	  for	  adult	  animals	  

[29].	  	  High-‐pressure	  fixation	  was	  used	  for	  embryos	  and	  some	  adult	  animals.	  	  Briefly,	  

samples	  were	  frozen	  using	  the	  Leica	  High	  Pressure	  Freezer	  EM-‐PACT2	  (pressure	  of	  

18,000	  bar,	  cooling	  rate	  of	  20,000	  °C/sec).	  	  Freeze	  substitution	  was	  performed	  using	  

the	  Leica	  EM	  AFS2	  Automatic	  Freeze	  Substitution	  System	  [38].	  	  Ultrathin	  serial	  

sections	  (60	  nm)	  were	  cut	  using	  a	  REICHERT	  Ultra-‐Cut-‐E	  ultramicrotome	  and	  

collected	  on	  Pioloform-‐coated	  single-‐slot	  copper	  grids.	  	  EM	  images	  for	  every	  other	  

section	  were	  acquired	  using	  an	  FEI	  Tecnai	  G2	  Spirit	  BioTwin	  transmission	  electron	  

microscope	  operating	  at	  80	  kV	  with	  a	  Gatan	  4K	  x	  4K	  digital	  camera.	  

	  

Fluorescence	  Electron	  Microscopy	  (fEM)	  

Sample	  preparation:	  	  C.	  elegans	  animals	  expressing	  mEos2::ACT-‐4	  [33]	  were	  

prepared	  for	  fEM	  as	  previously	  described	  [39].	  	  Transgenic	  animals	  were	  raised	  in	  

the	  dark	  and	  adults	  were	  rapidly	  frozen	  together	  with	  bacteria,	  as	  a	  cryoprotectant,	  



using	  a	  high-‐pressure	  freezer	  (Bal-‐Tec,	  HM010).	  	  Frozen	  samples	  were	  transferred	  

under	  liquid	  nitrogen	  into	  cryovials	  containing	  0.1%	  potassium	  permanganate	  

(EMS)	  +	  0.001%	  osmium	  tetroxide	  (EMS,	  crystals)	  in	  95%	  acetone.	  	  Freeze-‐

substitution	  and	  subsequent	  plastic	  embedding	  were	  carried	  out	  in	  an	  automated	  

freeze-‐substitution	  unit	  as	  follows:	  -‐90°C	  for	  30	  h,	  5°C/h	  to	  -‐30°C,	  -‐30°C	  for	  2	  h	  for	  

the	  freeze-‐substitution	  and	  -‐30°C	  for	  48	  h	  for	  the	  plastic	  embedding.	  	  Fixatives	  were	  

washed	  out	  with	  95%	  ethanol	  6	  times	  over	  2	  h.	  	  Animals	  were	  then	  infiltrated	  with	  

glycol	  methacrylate	  (GMA)	  solutions	  in	  three	  steps:	  30%	  for	  5	  h,	  70%	  for	  6	  h,	  and	  

100%	  overnight.	  	  Specimens	  were	  moved	  to	  a	  cap	  of	  polypropylene	  BEEM	  capsules	  

(EBSciences),	  and	  the	  plastic	  media	  was	  exchanged	  with	  freshly	  mixed	  and	  pre-‐

cooled	  GMA	  three	  times	  over	  a	  period	  of	  6	  h.	  	  At	  the	  last	  step	  of	  the	  exchange,	  

animals	  were	  separated	  from	  the	  bacteria	  using	  tweezers	  (EMS,	  #5),	  and	  GMA	  

media	  containing	  0.15%	  of	  N,N-‐Dimethyl-‐p-‐toluidine	  (Sigma-‐Aldrich)	  was	  added	  for	  

polymerization.	  	  Polymerization	  was	  complete	  after	  12	  h.	  	  Plastic	  blocks	  were	  stored	  

in	  a	  vacuum	  bag	  at	  -‐20°C	  until	  imaging.	  	  

Protein	  localization	  by	  fEM	  [39]:	  Serial	  sections	  (80	  nm)	  were	  collected	  onto	  pre-‐

cleaned	  coverslips.	  	  For	  fluorescence	  nanoscopy,	  photo-‐activated	  localization	  

microscopy	  (PALM;	  Zeiss,	  PAL-‐M,	  Prototype	  Serial	  No.	  2701000005)	  was	  employed.	  	  

The	  region	  of	  interest	  was	  screened	  using	  wide-‐field	  illumination.	  	  Just	  prior	  to	  

PALM	  imaging,	  250	  nm	  gold	  nanoparicles	  (Micospheres-‐Nanospheres),	  which	  serve	  

as	  fiduciary	  markers,	  were	  applied	  to	  the	  sections	  for	  4	  min.	  	  Then,	  3500-‐5000	  

frames	  with	  an	  exposure	  time	  of	  50	  ms/frame	  were	  collected	  while	  stochastically	  

photo-‐converting	  mEos	  signals	  with	  1	  µW	  of	  a	  405	  nm	  laser.	  	  For	  EM	  imaging,	  



sections	  were	  then	  stained	  with	  2.5%	  uranyl	  acetate	  (EMS)	  in	  water,	  and	  a	  thin	  layer	  

of	  carbon	  was	  applied.	  	  Back-‐scattered	  electrons	  were	  collected	  using	  a	  scanning	  

electron	  microscope	  (FEI,	  nova	  nano)	  and	  a	  high	  contrast	  solid-‐state	  detector	  (FEI,	  

vCD).	  Fluorescence	  and	  electron	  micrographs	  were	  aligned	  based	  on	  the	  gold	  

fiduciary	  markers.	  
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