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 Abstract: 

 

 There are many known proteins that are necessary for endocytosis at the plasma 

membrane. However, little is known about the proteins that are involved in lysosome formation. 

The Fares lab is interested in identifying novel proteins involved in lysosome formation. A 

forward genetic screen identified cup-12 with a phenotype that indicated a lysosome defect. 

Using complementation tests and sequencing, I identified cup-12 as clh-6. clh-6 is one of six 

ClC-type voltage-gated chloride channels in C. elegans. CLH-6 is most closely related to 

mammalian ClC6 and ClC7.
 
Chloride channels regulate the excitability of cells, volume control, 

and organelle acidification. Mutations in chloride channels can lead to diseases such as Dent’s 

disease and Cystic Fibrosis. Our data suggest that loss of some ClCs causes lysosome 

dysfunction that could contribute to disease symptoms. 

 

Introduction: 

 

Lysosomes are membrane-bound organelles that contain about 50 acid hydrolases: these 

enzymes degrade extracellular and intracellular materials such as proteins, lipids, carbohydrates, 

and nucleotides through proteases, lipases, glycosidases, and nucleases.
1
 Lysosomes are 

considered the terminal compartment during the process of endocytosis. Endocytosis allows for 

internalization of extracellular fluids, macromolecules, and membrane into the cell via 

invaginations at the plasma membrane.
2
 The plasma membrane is made up of phospholipids, 

which are amphiphilic due to a polar head and a non-polar hydrocarbon tail. They arrange 

spontaneously into a bilayer so the heads of opposing phospholipids face away from each other. 

This arrangement allows the non-polar tail to minimize contact with water.
3
 When the plasma 

membrane buds into a semicircular shape, the non-polar tails strain against each other. Due to the 

energetically unfavorable nature of this interaction, coat proteins called clathrin bind to adapter 

proteins such as AP2 on the plasma membrane and facilitate budding.
4
 In addition, there are 

clathrin-independent pathways, for example the caveolar and ARF6-dependent pathways.
5
 The 

GTPase dynamin assembles at the neck and mediates the separation of the budding membrane.
6
 

The product of the budding event is an endocytic vesicle that fuses with organelles called early 

endosomes in the periphery of the cytoplasm. Early endosomes mature into late endosomes via a 

molecular network that involve Rab GTPases.
1
 Late endosomes fuse with existing lysosomes to 



form hybrid organelles; lysosomes are formed or reformed from hybrid organelles by a process 

in which a nascent lysosome buds from a hybrid organelle followed by scission of the connecting 

membrane, releasing the nascent lysosome.
7
 

The budding and scission events from the plasma membrane are very similar to the 

events during lysosome formation. There are many known proteins that are necessary for 

endocytosis at the plasma membrane. However, little is known about the proteins that are 

involved in nascent lysosome formation. The proteins currently known to be involved in nascent 

lysosome formation can be separated into two categories; proteins involved in budding and 

proteins involved in scission.  

Rong et al. studied autolysosome reformation, which is the process where lysosomes are 

reformed after lysosome fusion with autophagosomes during autophagy, an important process for 

cellular degradation and recycling. The proteins required for the budding event during 

autolysosome reformation are phosphatidylinositol-4-phosphate 5-kinase B (PIP5KB) and 

clathrin. PIP5KB is known to phosphorylate phosphatidylinositol 4 phosphate to produce 

phosphatidylinositol 4, 5-bisphosphate. This is important for the recruitment of clathrin.
8
 RNAi 

knockdown of either clathrin or PIP5KB blocked autolysosome budding in both cases.
9
 

The proteins required for the scission event are phosphatidylinositol-4-phosphate 5-

kinase A (PIP5KA), RAB-2, and CUP-5/TRMPL1. Rong et al. also performed RNAi 

knockdown of PIP5KA, which causes elongation of autolysosome reformation tubules because 

scission never occurs to release the reformed lysosome.
9
 Based on studies on the CUP-5 protein 

in Caenorhabditis elegans, Austin et al. showed that loss of the lysosomally localized channel 

protein TRPML1, the mammalian orthologue of CUP-5, results in a defect in releasing the 

nascent lysosome from hybrid organelles.
7,10

 Furthermore, Lu et al. did experiments in C. 

elegans that showed that the RAB-2, homologue of mammalian Rac2, is also required for the 

scission.
11

 Intriguingly, TRPML1 was shown to physically associate with Rac2.
12

 

The Fares lab is interested in identifying additional proteins involved in lysosome 

formation. A forward genetic screen was conducted using adult hermaphrodites C. elegans that 

carried a Pmyo-3:ssGFP transgene. In these worms, the muscle tissue secretes a green 

fluorescent protein (GFP) into the body cavity; coelomocytes, macrophage-like cells in C. 

elegans, endocytose the GFP and degrades it in lysosomes.
13

 C. elegans were mutagenized using 

ethyl methanesulfonate (EMS) that causes random point mutations throughout the entire 



genome: 55 mutants were identified that exhibited an endocytosis defect in coelomocytes. The 

phenotype of the mutants were either bright body cavity, indicating there is a problem in the GFP 

uptake into the coelomocytes, or bright coelomocytes, indicating there is a problem with 

lysosomal degradation. These mutant strains were backcrossed to the parental strain to eliminate 

random DNA changes that occurred due to mutagenesis. Complementation test was performed 

on the 55 mutants to determine the number of affected genes. 11 genes that had coelomocyte 

uptake defects (cup) were identified, 10 of which showed defect in endocytic uptake.
13

 However, 

this screen also identified CUP-5, the worm orthologue of TRMPL1, a selective cation channel 

whose loss leads to the lysosomal storage disorder called Mucolipidosis type IV.
14

 

A similar forward genetic screen was performed more recently in C. elegans that focused 

on mutants that had lysosomal defects. My project focused on molecular cloning of cup-12, one 

of the genes identified from this screen that showed bright coelomocytes in the Pmyo-3:ssGFP 

background. 

 

Materials and Methods: 

Complementation Test: For each of the cup-12 alleles identified from the screen, four 

hermaphrodites carrying Pmyo-3:ssGFP and fourteen cup-12(cd7); Pmyo-3:ssGFP males were 

placed on 35mm spotted plates. The progeny were viewed under dissection microscope equipped 

with fluorescence to score for the presence (non-complementation) or absence 

(complementation) of bright coelomocytes. 

 

Worm Lysis: For each of the strains that did not complement the representative cup-

12(cd7) allele, 200 μl of H2O was added to 35 mm plates carrying worms following several days 

of growth; 100 μl of suspended worms were added to a 0.2 mL tube containing 100 μl of worm 

lysis buffer (500 μl of 1 M KCL, 100 μl of 1 M Tris pH 8.2,  25 μl of 1 M MgCl2, 450 μl of 10% 

Tween-20, 100 μl of 1% Gelatin, 8.375 ml of H2O, and 100 μl of 200 μg/mL Proteinase K) and 1 

μl of Proteinase K. The tube was inverted 4-6 times and placed at -80°C for 20 minutes. The 0.2 

mL tube was then incubated at 65°C for 10 hours followed by 95°C for 20 minutes, and then 

stored at 4°C. The content was transferred to a 1.5 mL microcentrifuge tube and centrifuged at 

high speed for a 1 minute. The supernatant containing genomic DNA was then transferred to a 

new 1.5 mL microcentrifuge tube, leaving behind the undigested material.  



 

Polymerase Chain Reaction (PCR): 33 μl of H2O, 5 μl of worm lysis DNA, 5 μl of dNTP 

(2mM), 5 μl of Taq 10X buffer, 0.5 μl (100 μM) of forward and reverse primers specifically 

designed to amplify clh-6, and1 μl of Taq DNA polymerase were added to a 0.2 mL PCR tube. 

PCR was done as follows:  94°C for 2 minutes, [94°C for 30 seconds, 60°C for 30 seconds, 72°C 

for 45 seconds] 30 cycles, 72°C for 3 minutes, and then stored at 4°C.  

 

 clh-6 Sequencing Primers: 

 

F1: TCCCAAAAGAGACCAAACGAC 

R1: AGCTTCAAACTCTGCACTTCC   

Amplicon: 619 bp 

F2: TAAATCACTTACTCGTCGTC 

R2: GTGTCTTCATTCCAGCTATTC 

Amplicon: 682 bp 

F3: AAAAATTCCAAACAGGCGGC 

R3: ACATGGAGAATGTTTTTCTCTGC 

Amplicon: 672 bp 

F4: TACGTCCATTGAACCAACTG 

R4: TTAACTGGATTCTCAAATATTGTC 

Amplicon: 692 bp 

F5: CACTGAATGTTTCGTTTTCAATAG 

R5: ATACTCCGCCATACTCATTC 

Amplicon: 717 bp 

 

Gel Electrophoresis: 1 g of agarose, 100 ml of 1x TAE (to make stock of 50x TAE add 

900 ml distilled H2O, 242 g Tris base, 57.1 ml Glacial Acetic Acid, 18.6 g EDTA disodium salt, 

pH to 8.5 with glacial acetic acid or KOH adjust volume to 1 L with additional distilled H2O. For 

working solution of 1x TAE buffer, dilute the stock solution by 50x in deionized water so the 

final solute concentrations are 40 mM Tris acetate, 20 mM acetic acid, and 1 mM EDTA) and 

0.5 μl of ethidium bromide was used to make a 28-well gel. 5 μl of each PCR sample was loaded 

into a well along with 2 μl of 3x loading dye. 5 μl of a ladder is added to a single well to help 



determine if the correct PCR amplification occurred. Gels ran at 110 mV for 30 minutes and 

DNA was visualized using UV. 

 

PCR Product Purification: 155 μl of H2O, 45 μl of PCR DNA, 100 μl of Qiagen binding 

buffer, and 300 μl of 100% EtOH was added to Qiagen PCR purification column and centrifuged 

for a minute. Flow through was discarded. 200 μl of Qiagen pre-wash buffer was added to the 

Qiagen PCR purification column and centrifuged for a minute. Flow through was discarded. 700 

μl of wash buffer was added to the PCR purification column and centrifuged for a minute. Flow 

through was discarded. This was done twice. 20 μl of Qiagen elution buffer used to elude DNA. 

 

NanoDrop to determine DNA concentration (ng/μl): 1 μl of elution buffer was used as 

blank. 1 μl of sample was used to determine DNA concentration, which was recorded in ng/μl. 

 

Preparation for sequencing: 8 μl of each DNA sample was added to a 1.5 mL 

microcentrifuge tube. 1 μl of primer and 32 μl of H2O were added to a 1.5 mL microcentrifuge 

tube (done for each of the forward primers used). Tubes were then submitted for sequencing at 

the University of Arizona facility.  

 

Electropherogram used to identify mutations in clh-6: Sequencing results for each allele 

were manually analyzed against the wild type sequence of clh-6.  Only sequencing changes that 

affected exons or exon/intron boundaries were considered to be candidates for disrupting CLH-1 

expression or function. 

 

Results:  

Determining the identity of cup-12: Forward genetic screens identified seventeen alleles 

of cup-12 based on complementation analysis, and cup-12 was mapped to chromosome V 

(Caitlin Sanford and Daniel Zamora, unpublished data). Whole-genome sequencing of two of the 

seventeen presumptive cup-12 alleles, cup-12(cd7) and cup-12(cd15), identified three genes that 

that were mutated on chromosome V in both cup-12 alleles: Y108G3AL.3, clh-6, and gcy-14 

(Teresa Horm, unpublished data). To determine which of the candidate genes was cup-12, I 

acquired from the Caenorhabditis Genetics Center strains carrying null alleles in these three 



candidate genes. In addition, I also acquired a Y108G3AL.2 (null) strain because Y108G3AL.2 

overlaps with Y108G3AL.3, but is coded for on the anti-sense strand. I preformed 

complementation analysis by crossing null of the four candidate genes to cup-12(cd7); Pmyo-

3:ssGFP males and to Pmyo-3:ssGFP males. Crossing the nulls to the wild type Pmyo-3:ssGFP 

males should result in wild type progeny since all of the presumptive cup-12 mutants are 

recessive. This cross to Pmyo-3:ssGFP males also facilitates comparison of the brightness of 

coelomocytes from the cup-12(cd7); Pmyo-3:ssGFP cross (Table 1). From the complementation 

tests, both Y108G3AL.2 and gcy-14 complemented cup-12(cd7) and therefore are not cup-12 

(Table 1).  The progeny of the Y108G3AL.3(null) hermaphrodites  crossed to cup-12(cd7); 

Pmyo-3:ssGFP males appeared to have slightly brighter coelomocytes than Y108G3AL.3(null) 

hermaphrodites crossed to Pmyo-3:ssGFP males. However, the progeny from the cross between 

clh-6(null) hermaphrodites and cup-12(cd7); Pmyo-3:ssGFP males had bright coelomocytes 

similar to cup-12(cd7); Pmyo-3:ssGFP hermaphrodites. Therefore, clh-6 appeared to be the best 

candidate for being the cup-12 gene.  

 

Table 1: Complementation tests of the candidate genes 

Candidate 

gene 

Progeny from cross to Pmyo-

3:ssGFP 

Progeny from cross to cup-12(cd7); 

Pmyo-3:ssGFP 

clh-6
-/- 

Wild Type Coelomocytes  Very Bright Coelomocytes 

Y108G3AL.3
-/- 

Wild Type Coelomocytes   Slightly Bright Coelomocytes 

Y108G3AL.2
-/- 

Wild Type Coelomocytes   Wild Type Coelomocytes   

gcy-14
-/- 

Wild Type Coelomocytes   Wild Type Coelomocytes   

 

Identifying bona fide cup-12 alleles: I sequences clh-6 in two additional alleles of cup-12, 

cup-12(cd27) and cup-12(cd37), but did not find mutations in clh-6 for these two alleles.  This 

was surprising given the complementation analysis and the whole-genome sequencing results, 

and raised the possibility that there were errors in the original cataloguing of mutants as actual 

cup-12 alleles.   

I first checked if the presumed cup-12; Pmyo-3:ssGFP mutant strains had bright 

coelomocytes when compared to Pmyo-3:ssGFP hermaphrodites. Indeed, of the original 

seventeen presumed alleles, only nine alleles showed the bright coelomocyte defect (Table 2). 

Consistent with the lack of a clh-6 mutation, cup-12(cd27) and cup-12(cd37) strains had wild 

type coelomocytes. Given this error, I carried out complementation analysis using cup-12(cd7); 



Pmyo-3:ssGFP males to confirm that the now nine presumed cup-12 mutants actually had 

mutations in cup-12. 

Complementation tests revealed that only 5 of the 9 remaining cup-12 alleles are actual 

cup-12 alleles; the remaining are mutations in other genes that affect lysosome function. Having 

identified bona fide cup-12 alleles, I sequenced clh-6 in these alleles to confirm the presence of 

coding sequence changes (Table 2). 

 

Table 2: Characterization of presumptive cup-12 alleles and clh-6 mutations 

cup-12 alleles Coelomocytes 

in Pmyo-

3:ssGFP 

Progeny from cross to 

Pmyo-3:ssGFP 

Progeny from cross to 

cup-12(cd7); Pmyo-

3:ssGFP 

clh-6 

sequence 

change 

cup-12(cd7) Very Bright Wild Type Coelomocytes   Very Bright 

Coelomocytes 

1622 (GA), 

Gly to Glu 

cup-12(cd12) Very Bright  Wild Type Coelomocytes   Very Bright 

Coelomocytes 

845 (CT), 

Ala to Val  

cup-12 (cd15) Very Bright  Wild Type Coelomocytes   Very Bright 

Coelomocytes 

1799 (GA), 

Trp to STOP  

cup-12(cd24) Wild Type  Not Applicable Not Applicable Not 

Applicable 

cup-12(cd25) Very Bright  Wild Type Coelomocytes   Wild Type Coelomocytes   Not 

Applicable 

cup-12(cd27) Wild Type  Not Applicable Not Applicable Not 

Applicable 

cup-12(cd28) Very Bright  Wild Type Coelomocytes   Wild Type Coelomocytes   Not 

Applicable 

cup-12(cd29) Wild Type  Not Applicable Not Applicable Not 

Applicable 

cup-12(cd30) Very Bright  Wild Type Coelomocytes   Wild Type Coelomocytes   Not 

Applicable 

cup-12(cd34) Very Bright  Wild Type Coelomocytes   Very Bright 

Coelomocytes 

1150 (CT), 

Arg to Cys  

cup-12(cd36) Wild Type  Not Applicable Not Applicable Not 

Applicable 

cup-12(cd37) Wild Type Not Applicable Not Applicable Not 

Applicable  

cup-12(cd38) Very Bright  Wild Type Coelomocytes  Wild Type Coelomocytes  Not 

Applicable 

cup-12(cd39) Very Bright  Wild Type Coelomocytes  Very Bright 

Coelomocytes 

1642 (AT), 

Ile to Phe 

cup-12(cd40) Wild Type  Not Applicable Not Applicable Not 

Applicable 

cup-12(cd41) Wild Type  Not Applicable Not Applicable Not 

Applicable 

cup-12(cd44) Wild Type  Not Applicable Not Applicable Not 

Applicable 



 

 
Identification of mutations in clh-6:  Sequencing clh-6 in bona fide cup-12 alleles 

identified mutations in the open reading frame. cup-12(cd7) has a G to A basepair mutation in 

clh-6 at position 1622 in the spliced DNA sequence. Glycine at amino acid position 541 changed 

to glutamate, a missense mutation that could affect the structure and/or function of the protein. 

cup-12(cd12) has a C to T basepair mutation in clh-6 at position 845. Alanine at amino acid 

position 282 is changed to a valine; this is usually considered a conservative change that does not 

affect the activity of a protein.  However, that may not be the case here if the amino acid resides 

in a hydrophobic pocket since a change in amino acid can disrupt residue interactions. cup-

12(cd15) has a G to A basepair mutation in clh-6 at position 1799. Tryptophan at amino acid 

position 600 is changed to an early stop codon, a nonsense mutation that truncates the protein. 

cup-12 (cd34) has a C to T basepair mutation in clh-6 at position 1150. Arginine at amino acid 

position 384 is changed to cysteine, a missense mutation that could affect the structure and/or 

function of the protein. cup-12 (cd39) has an A to T basepair mutation in clh-6 at position 1642. 

Isoleucine at amino acid position 548 changed to phenylalanine, a missense mutation that could 

affect the structure and/or function of the protein (Figure 1). 

 
 
Figure 1: clh-6 spliced+ 3’ UTR showing the locations of identified mutations. Red is verified 

mutation from sequencing: 
 

ATGACATCCCGTAACAGGGTGCGAACAAGTTCTAATAGTCTGGATCCAAATGAAGATCCTGTGT

CGGGGCTAGAACGAGTCATGTCAAACTCGAATCTAGAACACGTTGCTCGGCAAAGAAGACGACT

AGAGGAAGAGCTGTTATTCTCAAGGCAATTGGATGATGTTGGTCGAACGGATAGCCATGAAGCA

TTGTCTGCTAGATACGAAAGTCTGAACTATGAAATATCTGAGAATCGACTCTATAGAGATGCTG

AAAAGAAACCATCTCACCAGTTAACTCTTTGGCGAATTTCTCGAAATCGTTGGTTTGTATGCTT 

TTTGATTGGAGTTTTCACTGGACTCGTCGCTGCATTTATTGATATTATGGTACACTACAGTAAA

GATATCAAATTTAACTGGATTCTCAAATATTTGCTCTCAAAGTGTGGCGAAGAGCAACGTGGAA

CGACTGCAGGGTGTATGTGGACCGTAATGATAGCTTGGATAGGATATAATTGTGTTCTCGTAAC

TATAGCTGCAATCCTTGTGATTTATGTAGCTCCGATTGCTGGAGGTTCTGGAATTCCTCAAATA

AAGTGTTATCTTAACGGAATTGCGATTCCTGAGGTTGTTCGTCTCAAAACGCTCGTTTCAAAAG 

CAGTTGGAGTTGCATGTTCGGTTGGCGGTGGTCTTTGTGCTGGAAAAGAAGGTCCTATGATCCA

TTCTGGAGCTGCTGTAGGAGCTGGGATATCACAGGGAAAAAGTTATTCCCTTGGAATCGATTTC

GGACTTTTCCGCGAGTTTAGAAATGATCGAGAAAAAAGAGATTTCGTTTCTGCTGGTGCTGCTG 

 

            T in cd12 

CTGGAGTTGCTGCTGCTTTCGGAGCACCAATCGGAGGAGTTCTATTCTCTTTAGAAGAAGGAGC

AAGCTTTTGGAATCAAGCTTTGACATGGAGAATGTTTTTCTCTGCAATGATCTCTTCATTCACT 



GTAAATTGGATTCTCAGTTGGTTCAATGGACGTAGTGGATGGCTCTCATGGACAGGTCTCGCGA

ATTTCGGAGTTTTCGAAAATAAGGATTATAATATTTGGGAAATTCCTTTGTTTCTTCTCATTGG 

                                                     In cd34 T  

AATAATTGGAGGCTGTCTTGGAGCTTTATTCAATTATTTAAATACAAAACTCACCGAGTTCCGT

AAAAAATATGTGAGCAGCAAACTGGGTCGTTTGTTCGAATGTCTTCTTGTTGCCGCGGTATCAG

GATTTCTTGCTTTCCTCACAATATTCGCAATTGACGATTGTCAGCCGATAGGAGCGAATCCTAC 

AGCAACATCAACACAAATCAATCAAATGTGGTGCAAAAAAGGAGAATATTCTGCAGTAGCTTCT

TTATTTTTTCAAAATCCTGAAGAAAGTGTGAAGAGTATGTTTCATAGTCCGATAAATTCTTTTG

GTGTCACAACTCTTGTTATTTTTGGAATTGAATATTTCTTGCTCACTCTCTGGACGTTCGGAAT

CTCTGTACCTTCTGGTGTCTTCATTCCAGCTATTCTTACTGGTGCAGCATGGGGCCGCCTGTTT

GGAATTTTTGTTGAACGACTTTTCCCTTCGGTTACTGGAATTGATCCAGGAAAATACGCATTGG 

 

                     A in cd7            T in cd39 

CAGGAGCTGCCGCACAACTCGGAGGCGTTGTTCGAATGACAATTTCATTAACAGCTATTATAAT

GGAAGCAACTAAAGATATTACATTTGGATTACCTATTATGTTGGTGTTGATGGTAACAAAATGG

GTTGGAGATATGTTCAATGAAGGACTTTATGATGCTCATATTGATTTAGCAGAAGTTCCAATTC 

 

      A in cd15 

TTGGTTGGAATCCACCAAAGATGAGCAGAAACATTTTGGCAGACCGCGTGATGCGAAAAGATGT

TGTGGCTCTAGAACGGCGAGAAAGAGTATCCAGAATCGTTGAAATTCTTCGTTCCACACTTCAT 

CATGGCTTTCCAGTAGTAGATAGAATCGAAGAATCGCCATACGAATCACTCCCTGATTATGGAC

GCCTGAAAGGTTATATTCTGCGATCACAACTGTTCAAACTTCTGGAAAATCGAATTTTCGAGGA

AGAAGGAGCTTCAAACTCTGCACTTCCAAATGATTTTTATGAATGCCAGGATGACGACGACCAA

ATGAAATCTGTTGCTGAACTCGGATTAACAAATTTCGACGAGTCATGTTTCCTGGACATTGAGC

CCTACATGCATCCTCATCCGCACCGTGTTCCACTGAACACATCTCTTCCATTCATTTTCCGACT 

TTTCCGTGGACTTGGACTTCGATACCTTTTTGTGGTGAACGATGATAATCATCTTCGTGGTGTG

ATTACTAGAAAAGATGTTGCCAGATTCCGTGAAAGACGCCGAAACCGCGAGTATCATGTTGATG

AACTTTATATTTCTGAATCTTAAatgttcttattctctttcatgttctaccattgccattttga

aaacgtgttttttaagtcatggaaatgcacagagagtttaaaaaatatgtttgcgtttagcaag

atgtcgtttggtctcttttgggaaataaactgaaaaactgaaatttcgtttgaaaaaataaatc 

gcaacactacgttgcaaaatgtgaacttattttgaaattttctgttcatgtcatagacactttc

ttaacaattttattctgtgataaatcttaatcggta 

 
 
 Discussion: 

 The few proteins known to be involved in nascent lysosome formation are clathrin, 

phosphatidylinositol-4-phosphate 5-kinase A (PIP5KA), phosphatidylinositol-4-phosphate 5-

kinase B (PIP5KB), RAB-2, and CUP-5/TRMPL1.
7, 8, 9, 10, 11

 Given this fact, the Fares lab is 

interested in identifying additional proteins involved in lysosome formation. A forward genetic 

screen identified cup-12, which showed a bright coelomocyte phenotype in a Pmyo-3:ssGFP 

worms due to a lysosomal defect. Complementation tests and sequencing revealed cup-12 is clh-

6, which encodes a voltage-gated chloride channel (ClC) implicating this class of proteins in 

lysosome biology.
15, 16

  



 In C. elegans, there are six ClC-type voltage-gated chloride channels (CLH-1 through 

CLH-6). CLH-6 is related to mammalian ClC6 and ClC7.
15

 Nehrke et al. used Promoter::GFP 

constructs to determine where each of the CLH proteins is expressed in worms. clh-6 was 

expressed in most tissues such as hypodermal cells, gut, body wall, intestinal, and enteric 

muscles and had less expression in neurons.
15

 This result was in contrast to Bianchi et al. who 

also used a Promoter::GFP construct to determine where clh-6 was expressed. Their data 

suggested that clh-6 is expressed only in RMEL and RMER, a specific subset of GABAergic 

neurons.
16

 These mechanosensory neurons are activated by stretch-receptors. CLH-6 is thought 

to play a role in maintaining resting membrane potential and excitability of the neuron. 
16

 The 

discrepancy between these articles likely stems from how many base pairs upstream of clh-6 was 

used for promoter constructs.  Nehrke et al. used 4 kb of promoter while Bianchi et al. used 250 

bp of promoter.  Bianchi et al. short construct probably left out enhancers that regulate 

expression in other tissues than neurons. Therefore, clh-6 is probably expressed in all tissues, 

including neurons.  

 Chloride channels play a role at the plasma membrane of cells and organelles. 

Extracellular concentrations of chloride are much higher than inside the cell and the resting 

membrane potential of the cell is negative. Therefore, chloride has an electrochemical gradient 

acting on the negatively charge anions.  Influx of chloride through chloride channels at the 

plasma membrane can affect the excitability of the cell, especially neurons.
18

 Chloride channels 

on the plasma membrane are also involved with volume control.  A loss of CFTR, which is a 

chloride channel that is important in trans-epithelial transport results in Cystic Fibrosis.
17

 

Chloride channels can affect the acidification organelles.
18

 In Dent’s disease, a mutation in CLC-

5 results in reduced proximal tubular endocytosis due to endosomal compartments having a 

higher pH. 
19

 Chloride channels have many important roles in cells and mutations in specific 

types of chloride channel result in different diseases. Our data suggest that loss of some ClCs 

causes lysosome dysfunction that could contribute to disease symptoms. 
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