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Endosomal sorting complex required for transport (ESCRT) 
complexes are involved in endosomal trafficking to the 
lysosome, cytokinesis, and viral budding. Extensive ge-
netic, biochemical, and structural studies on the ESCRT 
system have been carried out in yeast and mammalian 
systems. However, the question of how the ESCRT system 
functions at the whole organism level has not been fully 
explored. In C. elegans, we performed RNAi experiments 
to knock-down gene expression of components of the 
ESCRT system and profiled their effects on protein degra-
dation and endocytosis of YP170, a yolk protein. Targeted 
RNAi knock-down of ESCRT-I (tsg-101 and vps-28) and 
ESCRT-III (vps-24, and vps-32.2) components interfered 
with protein degradation while knock-down of ESCRT-II 
(vps-25 and vps-36) and ESCRT-III (vps-20 and vps-24) 
components hampered endocytosis. In contrast, the knock- 
down of vps-37, another ESCRT-I component, showed no 
defect in either YP170 uptake or degradation. Depletion of 
at least one component from each complex - ESCRT-0 
(hgrs-1), ESCRT-I (tsg-101, vps-28, and vps-37), ESCRT-II 
(vps-36), ESCRT-III (vps-24), and Vps4 (vps-4) - resulted in 
abnormal distribution of embryos in the uterus of worms, 
possibly due to abnormal ovulation, fertilization, and egg-
laying. These results suggest differential physiological 
roles of ESCRT-0, -I, -II, and -III complexes in the context of 
the whole organism, C. elegans. 
 
 
INTRODUCTION 
 
Endocytosis is a regulatory mechanism in all eukaryotes essen-
tial for the internalization of membrane proteins and intracellular 
trafficking. Membrane proteins are endocytosed via clathrin-
dependent or independent pathways and delivered to early 
endosomes. A decision is made in the early endosome as to 
whether the internalized receptor proteins are recycled to the 
plasma membrane or further trafficked to the lysosome for deg-
radation. Many ligand molecules are also endocytosed by bind-
ing to their cognate membrane-bound receptor proteins.  

The endosomal sorting complex required for transport (ESCRT) 

system plays multiple roles in the cell, including endosomal-to-
lysosomal trafficking of ubiquitinated membrane proteins for 
degradation, membrane deformation, cytokinesis, and viral 
budding (Hurley, 2010). The list of novel roles of the ESCRT 
system has been further extended to also include cytosolic 
protein and/or organelle degradation. For example, the ESCRT 
system is involved in macroautophagy (Filimonenko et al., 
2007; Lee et al., 2007) and endosomal microautophagy (Sahu 
et al., 2011). Extensive genetic, biochemical, and structural 
studies have revealed many aspects of the architecture and 
functions of components in the ESCRT system. The ESCRT 
system comprises at least five different complexes termed 
ESCRT-0, -I, -II, -III, and vacuolar sorting protein 4 (Vps4) and 
a few associated proteins such as Bro1/Alix and Doa4. Much of 
our understanding of the ESCRT system comes from studies 
using yeast and human molecular and cell-based systems.  

In Caenorhabditis elegans, a free-living soil nematode, com-
ponents of the ESCRT system are well-conserved. Previous 
studies reveal that the CeESCRT system is involved in recep-
tor-mediated endocytosis in worms. CeVPS-27 mutants show 
defects in endocytic trafficking of low-density lipoprotein recep-
tor-related protein 1 (Roudier et al., 2005). ALX-1, C. elegans 

ortholog of mammalian Alix, interacts with RME-1, a key regula-
tor of receptor recycling from the endosome to the plasma mem- 
brane (Shi et al., 2007). In addition to the common functions of 
the ESCRT system, some components of the CeESCRT sys-
tem are also involved in development. RNA interference (RNAi) 
or deletion of five ESCRT component genes in C. elegans 
(CeHGRS-1, CeTSG-101, CeVPS-36, CeVPS-32.1, and CeVPS-
4) are reported to cause lethality at multiple developmental 
stages (Michelet et al., 2010; Roudier et al., 2005).  

Despite the molecular and cellular functions of ESCRT re-
vealed by substantial genetic and biochemical approaches, 
much less has been reported about the physiological implica-
tions of the ESCRT system in the context of whole organisms. 
To investigate the roles of C. elegans ESCRT components at 
the organism level, we employed the vitellogenin::green fluo-
rescent protein (YP170::GFP) reporter system to monitor oo-
cyte endocytosis of a yolk protein fused to GFP in worms 
treated by RNAi against each CeESCRT component. We found  
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that the CeESCRT system performs canonical ESCRT func-
tions in endosomal-to-lysosomal protein degradation and cell 
division. Interestingly, depletion of some CeESCRT-I compo-
nents showed prominent effects in endosomal-to-lysosomal 
protein degradation while some of the CeESCRT-II compo-
nents exhibited down-regulation of membrane protein internali-
zation. In addition, we noted the involvement of CeESCRT com- 
plexes in the internalization stage of endocytosis. All CeESCRT 
complexes tested in this study apparently participate in the 
distribution of embryos. These results suggest differential 
physiological roles of ESCRT complexes in the context of the 
whole organism, C. elegans. 
 
MATERIALS AND METHODS 

 
Maintenance of C. elegans strains  
pwIs23[vit-2::GFP] was obtained from Caenorhabditis Genetics 
Center (CGC) at the University of Minnesota (USA). Worms 
were grown on standard Nematode Growth Medium (NGM) 
seeded with the E. coli strain OP50 and handled according to 
established methods (Brenner, 1974). 
 
Chemicals 
All chemicals were purchased from Sigma-Aldrich (USA), 
unless otherwise described. 
 
RNAi constructs 
To construct pVps-20, pVps-28, and pTsg-101 RNAi plasmids, 
cDNA for each gene was amplified from yk clones (yk1719 
d07.5 for vps-20 and yk1379e02.5 for vps-28) or a cDNA library 
with the following primers: for vps-20, yk1719d07.5-F-XhoI (5′-
TGA TCG ATG ACA CAA GCT TTC C-3′) and yk1719d07.5-R-
HindIII (5′-AAT TCC TTC TCA ACG CTC GAG A-3′); for vps-
28, yk1379e02.5-F-HindIII (5′-ACC CAA GCT CGA GTA GGA 
AAA-3′) and yk1379e02.5-R-XhoI (5′-ATC TCA TCG GAA 
GCT TCC ATC-3′); for tsg-101, tsg-101-c-F4 (5′-ACC GGT 
CGG GCA CCG ACA CAT TTA TG-3′) and tsg-101-c-R4 (5′-
GCT AGC GAG ATG CTC CAG AAG CTC CC-3′). Amplified 
cDNA was subcloned into empty L4440 vector using XhoI and 
HindIII restriction enzyme sites for pVps-20 and pVps-28, or 
AgeI and NheI for pTsg-101. These constructs were trans-
formed into E. coli strain HT115. The transformed E. coli were 
then seeded on RNAi plates containing 1 mM IPTG to induce 
double stranded RNA (dsRNA) to initiate the RNAi effect in 
worms fed on these plates. 
 
RNAi feeding 
Young adult worms (P0) were placed on RNAi feeding plates 
containing 2 mM IPTG and seeded with Ahringer RNAi bacteria 
(for vps-4, vps-22, vps-24, vps-25, hgrs-1, vps-32.1, vps-32.2, 
vps-36, vps-37, rab-7, and rme-2) or bacteria transformed with 
pVps-20, pTsg-101, or pVps-28 (for vps-20, tsg-101, or vps-28). 
Worms were cultured for two hours on these plates to clean 
residual bacteria in the gut, and then transferred to new RNAi 
feeding plates to lay eggs. These embryos (F1) were allowed to 
continue growing on RNAi plates to lay further generations of 
worms (F2 and F3) which were then analyzed. All of the RNAi 
plasmids used in this study were confirmed by sequencing, and 
the RNAi effect for each ESCRT component was verified by 
investigation of developmental delay (Supplementary Fig. S1 
and Supplementary Table S1). 
 
Microscopy and data collection 
RNAi-fed worms were immobilized on 2% agarose pads with 
10 mM levamisole. Normaski and fluorescent images were 

collected with an Axio Imager A1 microscope (Carl Zeiss, Ger-
many). Regions inside of embryos in the uterus of worms which 
showed an average fluorescent intensity at least 400 times 
higher than average background and larger than 10 pixel2 were 
designated as “puncta”. Round fluorescent regions outside of 
embryos whose intensity was higher than 4000 and larger than 
10 pixel2 were defined as “aggregates”. The number and size of 
puncta and aggregates were counted and measured using the 
AxioVision image analysis program, AxioVs40 (v.4.6.3.0) (Carl 
Zeiss Imaging Solution GmbH, Germany). Plotting and statisti-
cal analysis of data was carried out using Prism software 
(v.5.01) (GraphPad Software Inc., USA). Significance of quanti-
fied data was analyzed using unpaired t test with Welch’s cor-
rection. 
 
RESULTS 

 
Defects in endosomal-to-lysosomal protein degradation by  
RNAi against CeESCRT components 
To investigate which CeESCRT components were involved in 
endosomal-to-lysosomal protein degradation, we performed 
RNAi screening in C. elegans on each of 12 CeESCRT com-
ponents representing the five ESCRT complexes using YP170:: 
GFP as a reporter (Fig. 1). RNAi to various components of the 
CeESCRT system was performed on pwIs23[vit-2::gfp], a 
YP170::GFP-expressing transgenic line. YP170 is a yolk pro-
tein produced and secreted by the intestine and endocytosed 
by oocytes that are eventually fertilized to become embryos. 
YP170::GFP was imported into normal oocytes by endocytosis 
as shown by the diffuse fluorescence pattern in worms (Figs. 
1A and 1C). After worms were fed with bacteria expressing 
dsRNA targeting ESCRT complex components for at least two 
generations, bright irregular puncta were often observed in 
embryos; with the exception of vps-32.1 embryos, which showed 
almost 100 % lethality (Figs. 1B and 1D). It has been previously 
reported that ESCRT components mediate degradation of en-
docytosed proteins (Audhya et al., 2007a). RNAi to rab-7 re-
sulted in the formation of enlarged vesicles due to a block in the 
degradation of vesicles mediated by fusion with lysosomes (Fig. 
1E) (Grant and Hirsh, 1999). We considered that these puncta 
represented overlapped vesicles containing yolk proteins that 
failed to be further degraded, presumably by a block in their 
fusion with lysosomes (Audhya et al., 2007b).  

To profile the degree of defective endosomal-to-lysosomal 
degradation by individual CeESCRT complex components, we 
quantified those puncta inside embryos (Fig. 2A). The number 
of bright puncta was significantly increased in many of the 
worms treated with CeESCRT RNAi: CeESCRT-I (tsg-101 and 
vps-28), CeESCRT-II (vps-36), and CeESCRT-III (vps-24 and 
vps-32.2). Interestingly, there was a statistically significant de-
crease in the number of embryos treated with RNAi to vps-37. 
We also performed double RNAi to vps-4/vps-24 (AAA-ATPase 
Vps4 and ESCRT-III), vps-20/vps-25 (ESCRT- III and ESCRT- 
II), tsg-101/hgrs-1 (ESCRT-I and ESCRT-0), and vps-28/vps-36 
(ESCRT-I and ESCRT-II). With the exception of vps-20/vps-25 
RNAi, all other double RNAi-fed worms showed a significant 
increase in the number of puncta in embryos, suggesting that 
vps-24 is epistatic to vps4, and tsg-101 to hgrs-1. Although the 
number of puncta was significantly increased by knock-down of 
many different CeESCRT complex components, the sizes of 
puncta were not significantly increased (Fig. 2B). To see 
whether the total level of protein degradation in an embryo was 
altered, we summed the sizes of the puncta in each embryo to 
see whether the total puncta size was increased in RNAi-fed 
worms (Fig. 2C). In this case, tsg-101 and vps-28 (ESCRT-I) 



 Dong-Wan Kim et al. 587 

 

 

 

 

 
 A                         B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 C                         D 
 
 
 
 
 
 
 
 
 
 
 
 
 
 E                         F 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and vps24 (ESCRT-III) RNAi-fed worms showed an increase in 
total puncta size. Taken together, we conclude that knock-down 
of ESCRT-I or -III components interfered with endoso-mal-to-
lysosomal degradation of endocytosed YP170::GFP. 
 
CeESCRT-II and -III are involved in endocytosis of yolk  
protein 
We then asked whether interfering with CeESCRT gene ex-
pression caused inefficient endocytosis of YP170::GFP. It is 
known that YP170::GFP that fails to be taken up by oocytes 
accumulates in the pseudocoelom (body cavity) as large ag-
gregates, as shown in worms treated by RNAi against rme-2, 
the gene coding for the YP170 receptor (Fig. 1F) (Grant and 
Hirsh, 1999). Such pseudocoelomic accumulation of YP170:: 
GFP is interpreted as inefficient endocytosis. Similar types of 
aggregates often appeared in worms treated by RNAi against 
CeESCRT complex components (Figs. 1B and 1D), suggesting 
that disruption of the CeESCRT system might result in ineffi-
cient endocytosis. To see how endocytosis of YP170::GFP was 
affected by knock-down of each CeESCRT component, we 

quantified the number and size of pseudocoelomic aggregates 
(Fig. 3). The numbers of pseudocoelomic aggregates signifi-
cantly increased in worms fed with bacteria expressing dsRNA 
to vps-25 and vps-36, which are CeESCRT-II complex compo-
nents, and in vps-20 and vps-24, which are subunits of the 
CeESCRT-III complex. The size or total size (sum of the sizes) 
of pseudocoelomic aggregates also significantly increased in 
these RNAi treated worms. Double RNAi treatments, including 
those against vps-20, vps-25, and vps-24 also showed an in-
crease in the accumulation of pseudocoelomic YP170::GFP 
aggregates, indicating that CeESCRT-II and -III complexes may 
play roles in the uptake of yolk proteins. 
 
Defective CeESCRT components lead to arrhythmic  
fertilization and egg-laying 
Finally, we investigated whether the CeESCRT system was 
involved in membrane remodeling such as cell division and 
found that some worms treated with RNAi against CeESCRT 
components showed either irregular or asymmetric distribution 
of embryos (Fig. 4). The ESCRT complex has been implicated

Fig. 1. Puncta and aggregates in worms treated

with RNAi to knock-down CeESCRTs. Worms were

fed with either bacteria trans- formed with L4440

empty vector (A, C) or bacteria expressing dsRNA

against components of CeESCRT complexes (B,

D), rab-7 (E), and rme-2 (F). Areas designated by

white lines in (A) and (B) were enlarged in (C) and

(D), respectively. In RNAi-treated animals, bright

“puncta” (red dotted line) in embryos and “aggre-

gates” (red solid line or white arrows) in the body

cavity outside the embryos were often observed.

The number and size of these fluorescent struc-

tures were quantified and presented in Figs. 2 and 3.
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in cell division by terminating cytokinesis through the facilitation 
of intercellular bridge abscission (Carlton and Martin-Serrano, 
2007; Guizetti et al., 2011). In C. elegans, mature oocytes are 
ovulated and fertilized in the spermatheca, which are located at 
both proximal ends of a symmetrically developed gonad. Fully-
grown healthy adults usually ovulate and fertilize eggs from 

both spermatheca approximately every embryonic cell division. 
Therefore, in utero, most typical worms contain one-, two-, four-
cell, and so forth stage embryos in a row in symmetrical mode. 
In worms treated with control RNAi, regularly divided embryos 
were arranged symmetrically in a line toward the vulva in most 
animals (Figs. 4A and 4B). However, many worms treated with

Fig. 2. Puncta inside embryos of worms treated

with RNAi to knock-down CeESCRT components.

The number (A), size (B), and total puncta size (C)

in each embryo were plotted for RNAi against

various CeESCRT components. vps genes be-

longing to each of the CeESCRT-0, -I, -II, and -III

complexes were underlined and labeled as 0, I, II,

and III (*, p < 0.05; #, p < 0.01). 
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RNAi to knock-down gene expression of CeESCRT compo-
nents retained further developed embryos, presumably due to 

delayed fertilization and egg-laying (Figs. 4C and 4D). In addi-
tion, they also showed asymmetric distribution of embryos in

Fig. 3. Aggregates in the pseudocoelom of worms

treated with RNAi against CeESCRT complexes.

The number (A), size (B), and total aggregate size

(C) in the pseudocoelom of each worm were plot-

ted for RNAi against various CeESCRT compo-

nents. vps genes belonging to each of the

CeESCRT-0, -I, -II, and -III complexes were under-

lined and labeled as 0, I, II, and III (*, p < 0.05). 
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Table 1. Worms with abnormal distribution of embryos in uterus 

 ESCRT-0 ESCRT-I  ESCRT-II  ESCRT-III   

RNAi L4440 hgrs1 tsg101 vps28 vps37 vps22 vps25 vps36 vps20 vps24 vps32.2 vps4
vps4; 

vps24 

vps20; 

vps25 

tsg101;

hgrs1

vps28;

vps36

Total 21 29 21 19 7 8 35 32 20 35 14 22 27 16 16 18 

Defective 1 9 4 5 3 0 2 6 2 7 1 7 1 1 4 5 

% a 4.8 31.0 19.1 26.3 42.9 0 5.7 18.8 10.0 20.0 7.1 31.8 3.7 6.3 25.0 27.8

aThe percentages of defective worms larger than three times as much as L4440 RNAi control are in bold. 
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utero, indicating that both fertilization and egg-laying may have 
been arrhythmic at both ends of the gonad (Figs. 4E and 4F). A 
higher percentage of worms treated with RNAi against hgrs-1 of 
CeESCRT-0, CeESCRT-I components (tsg-101, vps-28, and 
vps-37), vps-36 of CeESCRT-II, vps-24 of CeESCRT-III, and 
vps-4 showed abnormal arrangement of fertilized embryos 
(Table 1). These irregular and asymmetric distributions of fertil-
ized embryos in utero indicate delayed and arrhythmic ovulation, 
fertilization, and egg-laying, possibly caused by disturbed germ-
line cell division in the gonad. 
 
DISCUSSION 

 
The ESCRT system comprises ESCRT-0, -I, -II, -III, and Vps4 
complexes and associated proteins (Fig. 5A). It is well estab-
lished that the ESCRT system is involved in endosomal-to-
lysosomal trafficking leading to membrane protein degradation, 
viral budding, and membrane remodeling such as cytokinesis 
(Hurley and Hanson, 2010). We utilized RNAi to deplete indi-
vidual components of ESCRT complexes in C. elegans, and 
profiled their effects on endosomal-to-lysosomal protein degra-
dation, endocytosis, and the distribution of embryos in utero. 
We found that the CeESCRT system is associated with en-
dosomal-to-lysosomal protein degradation, consistent with the 

canonical function of the ESCRT system as previously reported 
(Audhya et al., 2007b). In particular, the effect of RNAi deple-
tion of CeESCRT-I or CeESCRT-III was prominent in endocy-
tosed yolk protein degradation. Interestingly, the efficient endo-
cytosis of YP170 required ESCRT machinery, especially 
CeESCRT-II and -III. Finally, disruption of CeESCRT-0, -I, -II, -III 
components, and vps-4 caused abnormal distribution of em-
bryos, which may have resulted from inappropriate regulation of 
the reproduction process. Our data provide a framework to 
understand ESCRT functions at the organism level, signposting 
the direction of subsequent mechanistic studies at molecular 
and cellular levels. 

Endosomal-to-lysosomal protein degradation is one of the 
major canonical functions of the ESCRT system. ESCRT com-
plexes mediate the formation of multivesicular bodies (MVBs) in 
endosomes. MVBs are then fused to lysosomes for final degra-
dation of cargo proteins. Depletion of CeESCRT-I, and -III (tsg-
101 or vps-28, members of CeESCRT-I, and vps-24 or vps-
32.2 of CeESCRT-III), caused increased fluorescence of 
YP170::GFP inside embryos, confirming that CeESCRT com-
plexes are involved in endosomal-to-lysosomal protein degra-
dation of endocytosed materials including yolk proteins. In con-
trast, RNAi to knock-down vps-37 caused decreased fluores-
cence of YP170::GFP in embryos, suggesting that vps-37 may

Fig. 4. Fertilization defect in worms trea-

ted with CeESCRT RNAi. One-, two-,

and four-cell stage embryos were placed

at positions ± 1, ± 2, and ± 3, respec-

tively, of worms treated with control RNAi

(A, B). Serial and symmetrical arrange-

ment of fertilized eggs was disturbed in

CeESCRT RNAi-treated animals (C, D,

E, and F). Normaski (A, C, and E) and

fluorescent (B, D, and F) images are

shown. Worms treated with tsg-101 RNAi

(C, D) or tsg-101; hgrs-1 double RNAi

(E, F) are shown as representatives.

Dotted line indicates the symmetric axis

of the vulva and fertilized eggs are des-

ignated by numbers according to their

orders of fertilization. Earlier numbers

indicate newer fertilized eggs. 
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Fig. 5. (A) Interactions of molecular subunits of the ESCRT machinery. All the components of ESCRT complexes are depicted in different 

colors with legends in which their names are listed in the order of yeast/human/C. elegans. Beige line indicates membrane. (B) Summary of 

the functions of CeESCRT complexes from this study. ESCRT-I or -III affect the endosomal-to-lysosomal pathway, ESCRT-II and III affect the 

uptake of YP170, and all the complexes affect the distribution of embryos in the context of the whole organism, C. elegans. See the text for 

details. 
 
 
not be vital for endosomal-to-lysosomal protein degradation in 
C. elegans. Yeast and mammalian orthologs of vps-37 contrib-
ute to forming both an extended stalk and a globular headpiece 
of the ESCRT-I complex (Kostelansky et al., 2007) (Fig. 5A). 
Although vps-37 is presumably a part of the triple coiled coil of 
the stalk of CeESCRT-I, it may be dispensable for maintaining 
the structural integrity of the complex. In fact, yeast Vps37 mu-
tants disrupting the “base” of the stalk exhibited rather mild 
defects in ESCRT-I functions (Kostelansky et al., 2007). In C. 
elegans, tsg-101 and vps-28 may be sufficient to form func-
tional ESCRT-I without vps-37, and vps-37 may have a nega-
tive regulatory role for the activity of ESCRT-I in endosomal-to-
lysosomal protein degradation. 

Knock-down of CeESCRT-II (vps-25 or vps-36) and CeESCRT- 
III (vps-20 or vps-24) resulted in inefficient uptake of a yolk 
protein. In MVB biogenesis, ESCRT-I and -I are reported to 
remodel membrane into buds followed by neck scission by 
ESCRT-III (Wollert and Hurley, 2010). Vps25 is required for the 
assembly of the ESCRT-II complex and Vps36 makes contacts 
with ESCRT-I through a ubiquitin moiety acting as a sorting 
signal in the membrane (Hierro et al., 2004). In the ESCRT-III 
complex, Vps20 initiates the assembly of the ESCRT-III com-
plex while Vps24 finishes scission of the budding membrane 
(Hurley and Hanson, 2010). It is plausible that a similar mem-
brane remodeling mechanism may regulate the uptake of yolk 
protein in the plasma membrane of C. elegans. Alternatively, 
the inefficient uptake by knock-down of the CeESCRT com-
plexes may have been caused by defects in recycling of yolk 

receptor protein. Along these lines, it has been reported that 
ESCRT-I (Tsg101) and -III (vps24) are required for recycling of 
EGFR as well as its degradation (Baldys and Raymond, 2009).  

Membrane deformation is a shared feature among many dif-
ferent biological processes such as MVB biogenesis, viral bud-
ding, and cell division (Hurley et al., 2010). We observed that 
depletion of CeESCRT components caused abnormal embryo 
distribution in utero, manifested by the loss of rhythmic fertiliza-
tion and egg-laying. In the C. elegans gonad, continuous and 
sequential mitosis and meiosis generate oocytes and sperm, 
and subsequent ovulation, fertilization, and egg-laying are 
tightly regulated with those extensive germline cell divisions 
(Hall and Altun, 2008). Eukaryotic ESCRT-I and -III complexes 
are implicated in cell division through cleavage furrow ingres-
sion and intercellular bridge splitting. Homologs of ESCRT-III 
proteins involved in cell division are also found to be involved in 
archaeal cell division (Lindas et al., 2008; Samson et al., 2008). 
Recently, it has been reported that snf-7 (vps-32), an ESCRT-III 
component, has a dual function in MVB formation and in activa-
tion of the transcription factor RIM101 (Weiss et al., 2009). It is 
possible that other ESCRT components may have non-
conventional functions that are independent of their conven-
tional roles of membrane remodeling in endocytic trafficking, 
virus budding, and cell division. Our data suggest that ESCRT 
machinery show pleiotropic effects on reproduction by support-
ing sufficient nutrient consumption in oocytes and appropriate 
regulation of reproductive organs possibly via multiple mecha-
nisms. 
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We have conducted organism-level profiling of ESCRT com-
ponents using C. elegans as a model organism. CeESCRT 
complexes are involved in endosomal-to-lysosomal protein 
degradation that is tightly associated with MVB formation. We 
also report that the CeESCRT system appears to play a role in 
the early stages of endocytosis, supported by inefficient uptake 
of YP170::GFP in RNAi-treated worms. According to our data, 
depletion of ESCRT-II had a more severe effect on endocytosis 
than endosomal-to-lysosomal trafficking, and vice versa for 
ESCRT-I. ESCRT-I and -II seem to act in parallel mode by 
templating the formation of bud necks on the surface of the 
membrane with their rigid multivalent membrane-binding struc-
tures (Wollert and Hurley, 2010). On the other hand, ESCRT-II 
is not required for viral budding or cell division which occurs at 
the plasma membrane of mammalian cells. In C. elegans, 
ESCRT-I may play a major role in the formation of bud necks 
which is a prerequisite step towards endosomal-to-lysosomal 
trafficking, while ESCRT-II may affect endocytosis by mecha-
nisms unrelated to viral budding or cell division. Finally, most 
CeESCRT complex components we tested were apparently 
implicated in reproduction, a process in which nutrient con-
sumption, endosomal-to-lysosomal trafficking, and cell division 
may play critical roles. Our results are consistent with previous 
ESCRT studies at the molecular and cellular level and expand 
them to the organism level in a systematic fashion. Further 
studies on the roles of the ESCRT system in the context of 
whole organisms using various research approaches including 
live imaging microscopy and epigenetics (Jung et al., 2011) will 
help uncover previously unknown roles of the ESCRT system 
in various biological processes. 
 
Note: Supplementary information is available on the Molecules 
and Cells website (www.molcells.org).  
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