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Research Focus & Project Outline

Research Focus: 
The HLH-11 Feedback Loop: Bridging Fat Oxidation with Mitochondrial Stress 
Responses and Lifespan

Project Outline:
 1. Cloning tissue-specific hlh-11 rescue construct.
 2. hlh-11 CRISPR (Global Knockout).
 3. Crossing of hlh-11 mutant with Phlh-11::hlh-11 GFP.
 4. NeuroPAL x hlh-11 GFP Imaging.
 5. Lifespan Experiment (with Esra).
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Why HLH-11?

HLH-11 is the conserved transcription factor
→ the regulation of lipid metabolism, mitochondrial stress 
response, and lifespan in C. elegans

(Littlejohn et al., 2020)



Why HLH-11?

Feedback loop that coordinates fat oxidation with longevity.

(Littlejohn et al., 2020)

Neuronal Signal

Intestine 
(Mitochondrial Activities)



Why HLH-11?

Feedback loop that coordinates fat oxidation with longevity.

(Littlejohn et al., 2020)

Enzyme involved in 
breaking down 

triglycerides

Keep Fat Oxidation low

HLH-11

ATGL-1 Off



Why HLH-11?

Feedback loop that coordinates fat oxidation with longevity.

(Littlejohn et al., 2020)

Increase Fat Oxidation

HLH-11

ATGL-1 On

Enzyme involved in 
breaking down 

triglycerides
Enhanced fat oxidation observed in 
worms with an overactive FLP-7 system.

Role of ATGL-1



Why HLH-11?

Feedback loop that coordinates fat oxidation with longevity.

(Littlejohn et al., 2020)

Increase Fat Oxidation

HLH-11

ATGL-1 ATFS-1On

Enzyme involved in 
breaking down 

triglycerides

Increase Mitochondrial Stress

On

Increased Mitochondrial 
Stress upon HLH-11 
Repression in flp-7 Mutants 
(Indicated by Elevated HSP-60 
Levels)



Why HLH-11?

Feedback loop that coordinates fat oxidation with longevity.

(Littlejohn et al., 2020)

Enzyme involved in 
breaking down 

triglycerides

Increase Fat Oxidation

HLH-11

ATGL-1 ATFS-1

Increase Mitochondrial Stress

On On

Off



Why HLH-11?

Feedback loop that coordinates fat oxidation with longevity.

(Littlejohn et al., 2020)

Neuronal Signal

Intestine 
(lipid metabolism)

serotonin

neuropeptide

→ “controlling hlh-11 levels can serve as an excellent surrogate 
for titrating intestinal fat stores in future efforts” (Littlejohn et al., 2020)
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Why Tissue-Specific hlh-11 Rescue Construct?

Dissecting Tissue-Specific hlh-11’s Roles

(Littlejohn et al., 2020)



Why Tissue-Specific hlh-11 Rescue Construct?

WT

hlh-11 mutation

Tissue-specific Promoters + hlh-11 cDNA

Dissecting Tissue-Specific hlh-11’s Roles

Phenotype Assays

E.g.
• Longevity
• Behavioral assays
• Lipid Staining



How Tissue-Specific hlh-11 Rescue Construct?

Design:

Tissue-Specific
Promoter

hlh-11
cDNA

mNG
UTR

pUC19

350-3,000

1,300

860
200

2700



How Cloning Tissue-Specific hlh-11 Rescue 
Construct?
How Tissue-Specific hlh-11 Rescue Construct?

Methodology:

Design & Order primers PCR & Gel Extraction Gibson Assembly

TransformationSelection plateMiniprep & Sequencing



Promoter Tissue Status

Prab-3 Neuron Completed (July 7)

Pmir-228 Glia Completed (July 11)

Pdpy-7 Hypodermis (skin) Completed (August 7)

Punc-122 Coelomocyte Pending

Pvha-6 Intestine Pending

Phlh-11::hlh-11 mcherry Not started 

How Tissue-Specific hlh-11 Rescue Construct?

Progress:



Research Focus: Exploring the functional connections between intestine and 
nervous system in C. elegans.

Project Outline:
 1. Cloning tissue-specific hlh-11 rescue construct

 → DONE: Neuron, Glia, Hypodermis/ Pending: CLM, Intestine
 2. hlh-11 CRISPR (Global Knockout)
 3. Crossing of hlh-11 mutant with Phlh-11::hlh-11 GFP.
 4. NeuroPAL x hlh-11 GFP Imaging.
 5. Lifespan Experiment (with Esra).
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Why hlh-11 CRISPR (Global Knockout)?

3,416 bp

hlh-11

ok2944

Exon 1 Exon 6Exon 2 Exon 3 Exon 4 Exon 5

CRISPR Global Knockout

Existing mutant ok2944 deletes only parts of exons 3 & 4 of hlh-11
→ Global knockout targets all 6 exons for a complete knockout



How hlh-11 CRISPR (Global Knockout)?

(Dickinson & Goldstein, 2016)

CRISPR Cas9



How hlh-11 CRISPR (Global Knockout)?

hlh-11

…AGAAAATGGTTCGTTCGGATAGCGCAGAAGAAGATCAAATCATCATTGATGATGGGTAAG… 
Exon 1PAMCut

…ATTTGGAGGGAAGTCATTTCATTCCAACATCTCCTCCACCAACCTCACAGACATCGCTCGTCCGTTGAGCCTGA 

CutPAMExon 6

3,416 bp

Design

Exon 6Exon 1



How hlh-11 CRISPR (Global Knockout)?

WT

3,416 bp

Mutant
Deletion (3,387 bp)

Repair Seq 11 bp (+ Homology arms 75 bp x 2)…TTCGTTAAGAATTCTCA…

(EcoRI cut)

Cas9 Cutting Sites

Exon 1 Exon 6



F0

F1

F2

How hlh-11 CRISPR (Global Knockout)?
Screening Strategy (Co-CRISPR with marker mutation)

(Dickinson & Goldstein, 2016)

Genotyping

Shorter body Rolling
(Spiral motion)

cn64 mutation has dominant Roller phenotype
→ eliminating the need for outcrossing to remove the marker mutation.
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657 bp
5,268 bp

1033 bp

WT: 657 bp
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Mut: 1,033 bp
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(EcoRI cut)

NNNNNNNNCTNGNAAGAGCCTATCTTCTTTGATTCTACAAAGAAAATGGCATGTCAGCCAGTCAGCCAACATAGTGGGGGAAAGGTGATAAGAGTTACGGGTTTCGGGAA
ACTTTTGTCGGAAAAAGAGAGAATAAGGAACAAATAGAATTTCAATTCGAGAACCTCAAAAATCAAAAAAGAAAATTTTTTTCAGGTAGATCAATAGTAGAAAATGGTTCGT
TAAGAATTCTCACAGACATCGCTCGTCCGTTGAGCCTGACTTTTGACAAATGTAGAGTTACAATTACAAATACAATTATCAAATTTTCCACGTTTCATAATCTCTCTCTCTTTCTCT
TTTTCTCTCTTTCTTTCTTCAGGTTGATCCTGTTTTTTGCTCTTCATCTTTTTTCTCTCTCTCACCAGGCACAGTATCTATCATTTTTATCACAAAATTTGATGAATTTTTGTTCTTTT
CCCATTTTTCTTCTTGTTTTAGGTATACTACTTGTTGTGTTTCTATGAAATGTTTTTTTCCAAAATTTTTTGTGCCGATTGTGGTCTTCTTGTCATTTTTCTTCTAATCAATCTAGCTT
CCTTATTTCCCGCGCTCTCACGGACCTATCCATTGTTTCGTTCTCCCCACCGATAACTTTTTGTTTTTTCATTTTCCTTTTTTTCCAGTCTTGTTCATCTCCAGACACTGCCCCGTT
ACTTTTACACAAATCGTGTCGATTTCCTCTTTTTTTCATTTTTCACCCGGTGGTTTTGTTGACCGTATGTGCAGCTTGAAACACTTTCCNTTTCCNACCTCNNTATGTCTCTCTAT
NGNTATCGCGCANNATCNTAACTAAATAATTTAANATAAACCCCANAGNACNACCNCTGAGACAAGANTACCAATATTTATGTGAAAATTATGNNGATGATGANGANCACAG
GACNNAN



F0

F1

F2

How hlh-11 CRISPR (Global Knockout)?
Screening Strategy

(Dickinson & Goldstein, 2016)
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hlh-11 mutant x Phlh-11::hlh-11 GFP

hlh-11 mutant (ok2944, male, #1681)

Phlh-11::hlh-11 GFP (hermaphrodites, #1698)

GFP Genotyping

→ #
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What’s NeuroPAL?

(Yemini et al., 2021)



NeuroPAL x Phlh-11::hlh-11 GFP

NeuroPAL

Phlh-11::hlh-11 GFP

A1 Confocal:
Kathy’s Training (June 15 & 20)
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Role of hlh-11 in Lifespan

→ A larger sample size to provide more definitive insights (n=400)

A slight increase in lifespan with hlh-11 mutants(Littlejohn et al., 2020)
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 1. Cloning tissue-specific hlh-11 rescue construct.

 → Cloning: CLM, Intestine / Injection / Phenotype Experiments
 2. hlh-11 CRISPR (Global Knockout) 

 → Replace ok2944 with CRISPR

 3. Crossing of hlh-11 mutant with Phlh-11::hlh-11 GFP

 4. NeuroPAL x hlh-11 GFP Imaging

 → We need more pics
 5. Lifespan Experiment (with Esra).

 → Esra on-going

Future directions



Thank you!
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